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The purpose of t h i s  env i ronmenta l  case study is to eval uate the o i l y  water 
treat ment eff ic iency in the separat i o n  of o i l  from water in re lat ion to the 
env i ronmenta l  i m pact to the m a ri n e  env i ronment .  This study covers offshore o i l  
f i e l d s  product ion f a c i l i t i es  i n  the Abu Dhab i  E m i rate . The s t u d y  d i sc u sses the 
most c o m m o n l y  used methods in the separat i o n  of o i ly water d i sposa l s .  I t  
h i g h l ig hts  i n  deta i l  t h e  d i fferent types  of treat ment systems c u rrent ly  i n  use  at 
Abu D h a b i  offsh ore o i l  f i e l d s  product ion fac i l i t i e s .  E m p h a s i s  is g i ven to the 
perfo rmance o f  e a c h  treatment syst e m ,  its def ic ienc ies  and poss ib le  areas of 
i m p rovement . 
T h e  study eva l u ates an  a l ternat ive ,  env i ronment a l l y  safe ,  methodology for 
removal  of o i l  f rom w at e r .  I t  i nt rod uces a new approach to extract i o n  of o i l  from 
water by e m p l o y i ng C arbon D i o xide ( C02 )  at supercr it i c a l  pressure and 
temperat u re . Poss ib le  s o u rces of C02 are ident i f i ed in Abu D h a b i  offshore 
process f a c i l i t i e s ,  as  c h e m i c a l  ana lys is  i nd icate that  p l ants ' f lue  gases conta in  
appro x i m at e ly  3 8 %  C 0 2 .  
T h e  study revea l ed that  t h e  m ajority o f  t h e  methods c u rrent ly used to 
separate o i l  f ro m  water  f ro m  Abu D h a b i  offshore prod uct i o n  fac i l i t ies  are 
i n adeq uate to  meet t h e  t a rget  q u a l i ty of 15 ppm m a x i m u m  contaminat i o n . 
The C O2 extract i o n  methodology m i g ht be the so lut ion  toward the ta rget 
q u a l i ty as  i t  g ave p r o m i s i n g  results  from the tests carr ied out at U n i ted Arab 




1.0 INTR DUCTION 
1.1 Oi l  Po l l ut i o n  Overv iew 
li The e n v i ro n ment  i s  the s um of a l l  our  surro u n d i ngs " .  
Not l o n g  ago ,  seas and oceans were cons idered i n f i n i te  s i n k s .  The 
i m mens ity  of m a r i ne waters seemed i mperv ious  to assau l t .  Th is  i s  no longer 
va l id . Now th e  m a r i n e  sect i o n  i s  cons idered a frag i l e  env i ronment and we are 
ab le  to me asu re the  d et r imenta l  effect on it from human act iv i t ies . M a r ine 
waters are very c o m p l i cated c h e m i c a l  so lut ions .  They have changed very l i tt le  
over m i l l i o n s  of  years . Therefore mar ine  organ isms have become h igh ly  
spec i a l i zed a n d  i nto le rant  to  env i ro n m enta l  c h a n g e .  Frag i l e  mar ine  ecosystems 
are qu ite suscept ib le  to p o l l u t i o n  d a m a g e .  The d i s posal  of  wastes i n  the mar ine 
sector i s  severe ly  restr i cted in  the  USA,  but many wor ld countr ies  st i l l  d i spose 
waste freely into the seas . 
I n  t h e  l ast t w o  d ecades ,  m a n y  major env i ron menta l  catastro p h i c  events 
were caused b y  t h e  o i l  i n d ustry . A l s o  d a i l y  o i l  prod uct i o n  act iv i t ies  a l l over the 
wor ld  po l l ute  the env i ronment ,  w i th  very l i t t le  attent ion  g iven to env i ronm enta l  
i mpact of  t hese act iv it i e s .  Th is  i s  desp ite  the i nc rease of wor ld  concern about 
the env i ronment  a n d  the  i nterest of protect i n g  it  f rom var ious pol l utants . Tab le  I 
h i g h l i g hts  t h e  a n n u a l  p o l l ut i o n  contro l  costs for the  years from 1990 - 1995 i n  
the U S A . [1J 
O i l  i nd ustry w aste w ater  i s  cons idered one  of  the major hazards to the mar ine 
eco system s .  T h e  w a ste w ater  systems genera l l y  hand le  a nu mber of d i fferent 
c l asses of  contami n ated w at e r .  T hese are eff l uent  br ine water,  de-sa l t i n g  water ,  
reserv o i r  i njected and produced water ,  coo l i n g  water and ra in water .  I t  is  
im portant t h at d i rect and i n d i rect effects of o i l y  water d i sch arges be und erstood
, 


























































































































Removal  of separab le  o i l  and red uct ion of water so lub le  organ ics ,  
ammon i a ,  hydrogen su l f ide ( H2 S)  and heavy meta l s  are  the major  problems 
encountered with waste waters in  the oi l  i nd ustry.  The methods d iscussed 
represent the e x i s t i n g  o i l y  water treatment p l ants and fac i l i t ies  in Abu Dhab i  
offshore o i l  f i e l d s .  They i l l ustrate the c u rrent pract ice i n  each product ion 
fac i l i t ies . Both concern of  U A E  env i ronme ntal  awareness and f i rm A D N O C  
G u i de l i nes e n c o u rage e a c h  operat ing company t o  u pgrade i t s  o w n  o i l y  water 
treatment to accept a b l e  standard s .  Modern izat ion of the c u rrent treatment 
fac i l i t ies  may benef i t  the long-term future p lans  to protect the Arab ian  G u l f  
m a r i n e  envi r o n m e n t .  
The A r a b i a n  G u l f  i s  one  of  sha l low s e a s  i n  the M id d l e  East . It has 
n u merous s a n d b a n k s ,  cora l  reefs and usefu l  i s l a n d s .  The c l i mate i s  hot i n  the 
summer months  with h i g h  h u m id i ty ,  part i c u la r ly  a long the coast . Dur ing  the rest 
of  the year ,  the c l i m ate is p l easant ly  sunny and m i l d ,  with  average maximum 
temperat u re of  2 5
0 
C ( 7 7
0 




F )  with an  average of 
44% h u m i d i t y .  R a i n f a l l  i s  scant and norm a l l y does not exceed 1 00 mm per 
a n n u m . I t  o c c u rs between November and M a rch with occas iona l  torre nt ia l  
thundersto r m s .  Arab ian G u l f  reg i ons  are shown i n  F ig  1 . 1 where Abu Dhab i  
offsh ore areas c a n  be affected by o i l  conta m i nat ions .  [
2 ) 
U A E  concern  for  e n v i ro n ment protect i o n  goes back to 19 7 5 ,  i n  wh ich  the 
H igher  C o m m i ttee for  E nv i ro n ment was estab l i shed to protect the env i ronment 
and deve lop i ts  reso u rces . In  1 9 9 3 ,  the Federa l  E nv i ro n m enta l  Agency ( F EA)  
was est a b l i s h e d  to  f u rther  p rotect and promote envi ro n menta l  issues i n  the U A E .  
I ts p u rpose w a s  to  prepare t h e  necessary p lans  a n d  po l ic ies  t o  safeguard the 
envi ro n me n t  f rom the  d a m a g i n g  effects .  Any negative effect o n  h u m a n  hea l th ,  
m ar ine l i fe ,  w i l d l i fe a n d  other  natura l  resources,  and the atmosphere was 
covere d .  I t  a imed to i m p lement  effect ive p lans  and po l ic ies  and to estab l i sh  the 
necessary m e a s u res  a n d  p roced u res to sto p the degradat ion of  the env i ro n ment,  
prevent p o l l u t i o n  at  a l l  leve ls  and aspects and to m i n i m i ze i ts  i m pact for the sake 
of future generat i o n s .  
[3 J 











































































































































































































































































































































































































































By Law N o .  8 - 1 9 7 8 ,  o n  conservat ion of petro leum resources,  Art ic le 3 
states: [
31 " O perator  s h a l l  take a l l  the necessary measures to prevent damage or 
hazard ,  as a result  of  i ts  operat i o n s ,  to the l i fe or hea lth  of i nd iv idua ls  , 
propert ies ,  natura l  resources,  cem ete r ies ,  o r  archeo l o g i c a l ,  rel i g i o u s  or  tour ist ic  
p l aces . "  
"The p u rpose of  A D N O C  g u i d e l i nes i s  to protect the env i ro n ment from 
pol l utants a r i s i ng f rom e x p l o rat i o n ,  product ion and ref i n i n g act iv i t ies .  
,, [41 . The 
o i ly water p o l l utant  c o n centrat i o n  was set to a m a x i m u m  level  of 1 5  ppm and a 
recommended d e s i r a b l e  l i m i t  of  5 ppm o n  d i sch arge to the  mar ine  env i ronment . 
Nat ion a l  and i ntern at i o n a l  attempts to red uce o i l  po l l ut ion  and prevent eco log ica l  
damage have been made.  O i l  po l l ut i o n  i n  the mar ine env i ronment usua l ly  
produces c oh e rent  s l i c k s ,  w h i c h  may coat  b i rd s ,  m a m m a l s ,  shore l i fe  and 
emerg ing vegetat i o n  to  c a u se death . O i l  i s  l i ke l y  to detr i menta l l y  affect 
p l a n kto n ,  f i s h  and benth i c  i nverte brates . Some reac hes the bottom sediments,  
where i t  may be ret a i ned wi th  poss ib le  long  term c h ro n i c  effect  as i t  g ra d u a l l y  
deter i orates .  
On t h e  i nternat iona l  sca le ,  the USA Water  Po l l ut i o n  Contro l  Act of 1 9 7 2  
( Pu b l i c  Law 9 2 - 5 0 0 ) , m a n d ated t h e  E nv i ronmenta l  Protect i o n  Agency to 
est a b l i s h  standard s  for  waste water d i sposa l s .  Stock h o l m ,  Sweden ,  i n  1 9 7 2 ,  
w a s  t h e  f i rst w o r l d  c o n ference i n  w h i c h  p o l l ut i o n  prob lems and env i ronmental  
p rotect ion  we re the t o p i c s .  After  th is  d ate many laws and reg i o n a l  regu l at ions 
have been e n acted , but u n fortunate ly ,  they have been i n effecti ve. UAE has 
part i c ipated i n ,  b ut d id not  s i g n ,  the  I nternat i ona l  Convent ion for  the Prevent ion 
of Po l lut ion f rom s h i p s ,  1 9 7 3 . [5 1  
[5 ] 
Seve ra l  l i a b i l i ty  ag reements protect v ict ims of o i l  po l l ut ion damage that 
may be able to obta in  c o m pensat ion u nder  the Offshore Po l l ut ion  l iab i l ity 
Agreement ( O POl), a co ntract conc l uded by a n u m ber  of o i l  compan ies on 4 
Septe m be r ,  1 9 7 4 ,  w h i c h  entered i nto force on 1 May,  1 9 9 5  [7) • 
Water i s  o n e  of  the most abundant resou rces found i n  nature ,  cover ing 
approx i mate ly  t h ree f o u rt h s  of t h e  s u rface of the Eart h .  N i nety-seven percent of  
the Eart h ' s  tot a l  w ater  supply is  conta ined in  the oce a n s .  H u man act iv it ies 
contr ibute m a n y  i m p u r i t ies  to the Eart h ' s  waters i n  the form of i nd u str ia l  and 
do mest ic  w a stes ,  petro c h e m i c a l s and agr icu l tura l  c h e m i c a l s .  Therefore water 
q u a l i ty is  o f  g reat c o n c e rn as i t  affects h u m a n  consumpt i o n  and use of the 
water.  M a r i n e  po l l ut i o n  may be def i ned as "The presence in water of i m pur i t ies  
i n  such q u ant i ty  and of  such n at u re as to i m pa i r  the use of the water for a 
stated purpose " [7], Water  p o l l u t ion  h i story goes bac k to the 1 9th century,  as 
shown by Joh n  S n o w  w h o  w rote ,  " C ho l era E pidem i c "  , Broad Street,  lond o n .  [9] 
I nd u str ia l  w astes conta in  organ ic  mater ia ls  w h i c h  cause dep let ion of 
d i ssolved O x y ge n .  T h e  m a i n  org a n i c  p o l l ut i o n  sources of o i l  i nd ustry comes from 
O ffshore o i l  p roduct i o n , t ransportat i o n  fac i l i t ies ,  d r i l l i n g ,  o i l  ref inery fac i l i t ies and 
b a l l ast water  f rom o i l  t a n k e r s .  I norgan ic  c o m p o u n d s  i ncrease sa l i n ity ,  int roduce 
heavy meta l s  c a u s i n g  tox ic i ty ,  heat ( thermal  po l l ut i o n )  and refractory orga n i cs 
w h i c h  are not b iodeg rad a b l e .  
Crude o i l  and w ater  prod uced from reservo i rs have assoc iated 
cont a m i n a n t s  w i t h  l a rge q u a nt i t ies  of produced po l lutants . Eff l uents conta in  o i l y  
b r i n e  water ,  sed i ments  c o n s i s t i n g  of  s a n d  a n d  heavy hydrocarbons l i ke s l udge ,  
a long wi th  m a n y  other  c h e m i c a ls .  These  associ ated f l u i d s  req u i re proper 
separat i o n  and treatment pr io r  to d i sposal . Table I I  shows offshore produced 
. 
d'ff ' [6] water eff l u e n t  l i m i t a t i o n s  I n  1 5  I erent countr i e s .  
[6 ] 
Table I I  OF F S H ORE PRODUCED WATER EF FLUENT L IM I TATIONS 
















40 (LARGE FACIL ITIES) 
60 S MALL FACILI TIES 
NO M ORE THAN 4% 
GREATER THAN 100 MG/L 
48 ( M ONTH L Y) 
25  L ONG TER 
35 
NOTE: limitations shown here are from various sources These are either 
eXisting government regulations proposed government regulations 
(which could change), or limitations imposed by authorities 
installations In operation In countries without regulatlons'� 
[7) 
72 
Phys ica l  and c h e m i c a l  ch anges i n  o i l  d i scharged i nto the sea are i l l ustrated 
In F i g .  1 . 2 as fate of o i l .  [
21 
The o i l  i s  red i st r ibuted re lat ive ly q u i c k l y  by the phys ica l  processes of 
spread i n g ,  evaporat i o n ,  d i spers ing i nto so lut ion ,  absorpt ion  and s i n k i n g .  
Degradat ion  o c c u rs t h r o u g h  c h e m i c a l  ox idat ion  (espec i a l l y  u n d e r  the i n f l uence of 
u l tra-vi o let  l i g h t ) , evaporat i o n  and by b io log ica l  processe s .  
M . A .  Ferg u s o n  - 1 9 9 4 , [8) of  Foster Wheeler  Energy L imited has  stated i n  
h is  p a p e r  t h a t ,  " Th ere i s  a l i tt le  d o u bt that env i ronmenta l  pressures on the 
E x pl o rat ion and Prod uct ion  I nd u stry w i l l  i n c rease in the future,  with  emphas is  on 
m i n i m i s i n g  e n e rgy  use and waste prod uct i o n .  Su bsequent l y ,  d i scharg ing  w i l l  be 
less to the e n v i r o n m e n t .  Tec h n o l ogy,  se lect ion and des ign for the fac i l i t ies  are 
fundament a l  to  the e nv i ro n menta l  i m p act of the operat i o n s .  A structu red 
Env i ro n me n t a l  M a n agement System w i l l  ensure that the best and most 
appropr i ate tec h n o l o g y  is se l ected to mit ig ate the loca l  and g loba l  env i ron mental  
i m pacts of  o i l  and gas prod uct ion . "  
R .  A l l e n  and K. R o b i n s o n  - 1 9 9 3 , [91 have emphas ized that  there i s  an 
i n c reased focus o n  the d i scharge of prod uced water to the env i ron ment . But 
there i s  n o  u n ivers a l l y  agreed stand ard for o i l - i n-water d i scharge  q u a l i t y .  There 
is  a lack of any u n ivers a l l y  agreed method even on how to measure o i l - in -water 
conten ts . I n  extreme cases, res u l ts  vary by an  order of magn itude depen d i n g on 
the act u a l  methods u sed . In the future,  i t  w i l l  be i ncreasi n g l y  necessary to 
demo nstrate a ls o  that  the w ater is  non-tox ic . T h i s  tox ic ity can ar ise from 
d issolved hyd rocarbo n s ,  such as benzene,  H 2 S,  heavy meta l s  and perhaps even 




































































































































































































































































Pau l  A .  D ri ve r  - 1 9 8 2 , (10) has  presented a case st udy i n  an Env i ronment 
I m pact Assessment ( E I A ) .  H e  descr i bed the importance of E I A  i n  protecting the 
mar ine  and coastal  env i ro n ment i n  the Arabian G u l f .  H e  has  suggested that E I A  
c a n  b e  an  i n t r i n s i c  benef i t  t o  t h e  reg i o n .  H e  has taken examples from Kuwait . 
The U n ited N at i o n a l  E nv i ro n ment Programme ( U N EP)  g u i d e l i nes on E . I . A are 
presented as  a s u i t a b l e  f ra mework for conduct ing E . I . A .  H i s  paper d raws 
attent ion  to the petro l e u m  operat ions  i m pact to the Arab ian G u l f  Ma r ine  
Env i ro n men t .  
Stjepan Kec k e s  - 1 9 8 2 ,  ( 1 0) has  h i g h l i g hted t h e  w o r l d  concern t o  the 
mar ine p o l l u t i o n  and i ts  contro l . H i s  paper descr i bed t h reats and sources of 
mar ine  po l l u t i o n ,  s u c h  as  petro l e u m  hydrocarbo n s ,  ha logenated hydrocarbo ns ,  
meta l s ,  rad i o n u c l i d e s ,  pers istent so l ids  and other  mater i a l s .  I t  a l so descr i bed the 
role of  ( U N EP )  in contro l  of  m a r i n e  po l l ut i o n .  
1 . 2 O i l  R e mov a l  M et h o d s  S u rvey 
Most o i l y  w ater  t reatment processes re ly  o n  gravity sett l i n g and hence 
re l at ive ly  l a rge  hydrocarbon concentrat ion i s  left  in  the wate r .  O i l y  water is  
d i sc h a rged i nto  m a r i n e  env i r o n m ent and pose a th reat to e i ther  mar ine l i fe or 
ground w ater .  The p u rpose of any separat i o n  and treatment of o i l y  water i s  to 
protect the e n v i r o n m e n t  f rom po l l ut i o n ,  as wel l as to prevent corros ion  and 
ma inta in  a m o re ef f ic ient  product ion operat i o n . The major env i ron menta l  issue 
of prod u ct i o n  operat ions  i s  the  cont in ued d ischarge of the produced water 
cont a i n i n g  oi l  and gas in the sur ro u n d i ng env i ronment .  Produced oi l  and water 
must be sep arated to an  env i ro n menta l l y  acceptable level of o i l  content . 
Treatment of  o i l y  water  has  become more cost ly due to the recent surge I n  
env i ronmenta l  reg u l at i o n s .  T h i s  research project studies the c u rrent o i ly w
ater 
treatment in several  locat ions  in Offshore Abu Dhab i . I t  a lso i ntroduces
 a new 
[10] 
method of extract i n g  res i d u a l  hydrocarbons from the water us ing  supercr it ica l  
C a rbon D i o x i d e  ( C 02 )  as  a k nown extract ion  med i u m  for  hydrocarbo n s .  
A l i terature s u rvey m a d e  on t h e  l atest p u b l i shed data i n d i c ates that C02 
supercr i t ica l  extract i o n  i s  one  of the pro m i s i ng tec h n i q ues in  th is  area. I n  
contrast t o  other  method s ,  e n hancement b y  chemica l  add i t ion  i s  not req u i red . 
Th is  tec h n i q u e  u ses C 02 w h i c h  can  be rec l a i med from the extracted mater ia l  
s i m p l y  by red u c i n g  the pressu re . 
I n  the  wor ld  of  o i l  f i e l d  operati o n s ,  there are var ious methods of treat i ng 
o i l y  eff l uent  water .  The  se lection of one or more of these methods i n  a 
part i c u l a r  ope rat i o n  depends  o n  many var iab les  i n c l u d i n g  the rate of o i l y  water 
prod uced , the o i l  content  and the target of water q u a l i ty . O i l  removal processes 
for a part i c u l a r  o i l y  w ater  treatment depend on var ious factors such as crude 
type,  leve l  of  s u spended s o l i d s ,  presence of  surfactants,  q u a l ity of  o i l y  water 
d i scharge,  and g e nera l  operat i o n a l  cond i t ion s .  The best methods are those that 
prod uce the des i red eff luent  water q u a l i ty at the lo west costs.  A brief 
descr ipt ion of  some of  t reatment methods is  presented below : -
1 . 2 . 1  G rav ity Sepa rat ion  
Bas ic a l l y ,  p r imary  t reatment  of  o i ly  wastes I S  done by g ravitat ion I n  
sett l i n g t a n k s  or  by  ut i l i z i ng A P I  vesse ls .  Th is  I S  the most eff ic ient  and 
eco n o m i c a l  method to remove l a rge quant i t ies  of  free o i l ,  but w i l l  not remove 
so l u b l e  o i l s  a n d  m o st e m u l s i o n s .  The para l le l  p late separator has been used for 
pr imary de-o i l i n g  ( Ig g l ed e n ,  1978).[11) 
G e n e r a l l y  p l ate separators are des ig ned for removal  of 60 IJm d i ameter o i l  
drop lets . B y  promot i ng  a g g l omerat ion and/or  coa lescence of o i l  d rop lets and 
so l u b l e  f ract i o n s  the perfo r m a nce of grav i ty separators may be enhanced . 
[11 ] 
Accord i n g  to the force ba lance and Stoke ' s Law 
V t = --f>'p'--"'W'----_�p '-"'o-'-'--II �gI-0""-
2 
1 81lW 
( 1  . 1  ) 
where '0' IS the  d i a m eter of the d rop l ets,  IlW (v iscos ity of water, pw-poil 
i s  the d en s ity d i fference and Vt is  the ve loc ity .  
% Oi l  Recovery = Vol . o f  O i l  separated x 1 00% 
I n it i a l  Vo l . of  O i l  
( 1 .2)  [1 1 ]  
P .  C h a re m i s i noff  - 1 9 9 3 , [1
2J descr i bed In h i s  paper that the Amer i can 
Petro leum I n st i tute ( A PI) h a s  speci f ied des ign cr i ter ia  for  s i m p l e  gravity 
separators based o n  the removal  of f ree o i l  g lobu les  l a rger than 0 . 0 1 5 cm ( 1 50 
microns  i n  d i a m eter )  longer  rete nt ion  t i mes genera l ly  i n c rease separat ion 
eff ic iency .  
1 . 2 . 2  F i l t rat ion  
F i l t rat ion systems have been app l ied to the separat ion  of free and 
emu ls i f i ed o i l  f r o m  w aste water  st reams (Jackso n ,  1 9 80) [11] . M a ny mater ia ls  
rang ing  f rom a nt h rac i te ,  sand,  g ra p h ite have been used as f i l ter  med ia  with 
varyi n g  degree of  success .  Boze  et ai, 1 9 7 9  [11J c l a i med that g r a n u l a r  med i a  
f i l t rat i o n  i s  ef f ic ient  for  s o l id  removal  I n  de-o i l i n g  p l a n t .  A d d i t i o n  o f  
po lye lectro l i tes h a s  i m p roved performance s i g n i f i c a n t l y .  H o wever,  i t  i s  not 
app l icab le  for h a n d l i n g  l a rge  v o l u m e  of wate r .  Fig 1 . 3 shows exper i menta l  work 
on u ltra f i l te rat ion  done by  T . A .  Krug and K. R .  Attard .
113J 
1 . 2 . 3  A i r F l ot at ion  
Both  C h u rc h i l l  T a c h i  i n  1 9 7 8  and S i n g h  et  a l  i n  1 9 88 
[11J c l a i m ed that the 
2 m a i n  types of  a i r  f l otat ion  and d i sso lved a i r  f lotat ion processes for  de-o i l i ng 
the o i l y  waste w ater  i s  the  most pro m i s i n g  tec h n i q u e .  T h i s  acts to desta b i l i ze 




m i cron)  d i a meter and d rop let 



































































































































































































































































































































































B . P . S i n g h  i n  1 9 9 1  [11] c l a i med that fla i r  f lotat i o n "  tec h n i q u e  appears to be 
one of the most pro m i s i n g  tec h n i que. D i ssolved a i r  f lotat ion is found to be very 
effect ive and can be t r ied eas i l y .  A l l  treatment processes d i scu ssed are not 
app l i c a b l e  at a l l  l ocat i o n s .  
1 . 2 . 4  Che m i c a l  Treatment 
C h e m i c a l s  are  f requent ly  used to I m p rove the phys ica l  o i ly  water  
separat ion  processes ( absorpt ion at the i nterface fo l lowed by ch arge 
neutra l i sat ion  and/or  i nterpart i c l e  br idg i n g ) . I n org a n i c  metal  sa lts, used as 
coagu lants ,  are somet imes very effect ive . These inc lude  z i nc, a l u m i n i u m  and 
i ron sa lts . O r g a n i c  po lye l ectro l ytes are used for the same pu rpose . 
C h e m i c a l  d e m u l s i f y i n g  processes i n c l u de ac id i f i cat ion, coagu l at ion, sa l t ing 
out and d e m u l gat ion  with  organ ic  c lear ing agent s .  Ac ids  are found more 
effective t h a n  c o ag u l a nt sa l ts  but  are more expens ive .  When too expens ive, 
i n organ ic  sa l ts  are used i n stead . B iotec hnology t reatment with  m i c roorgan isms 
I S  genera l ly  effect ive . T r i c k l i n g  f i l ters can treat o i l  concentrat i o n  of up  to 1 00 
PPM . 
D .  Kampen a n d  H .  H aynes - 1 9 8 7 , [14] of Na lco Chemica l  Company 
descr ibed that  n e w  po lymers i mprove water  c l ar i f icat ion offshore . They c l a i m ed 
that i t  red uces treatment u pset s .  To i ncrease chemica l  treatment eff i c i ency is to 
i m prove coag u l at i o n  a n d  f l o c c u l at i o n  tech n iques .  Resu lts  docum ented that it 
may be poss i b l e  to  a c h i eve s u per ior  resu lts with on ly  0 . 5  - 8 ppm of an emuls ion  
po lymer .  
D .  Ph i l b rook and M.  S laton - 1 9 9 2 , [15] have demo nstrated that Cummins  
E n g i n e  Co .  ( C u m m i n s )  of C o l u m b us, I n d i ana, was ab le  to i n crease the eff ic iency 
of  the i r  o i ly  w a ste water  treatment system .  This  resu lted i n  a combi ned chemica l  
and s ludge d i sposa l  sav i n g s  of approx i mate ly US$ 2 9 1 , 000 per year through 
chemica l  feed rates adj u stment .  
[14J 
1 . 2 . 5  S upe rcr i t ica l  Carbon D i o x ide Method 
W . O.  S p a l l  - 1 9 9 3 ,  1 1 6J has  i ntrodu ced supercr i t ica l  carbon d iox ide  as a 
c l e a n i n g  so lvent  that  h a s  benef its for c lean ing  certa i n  mater i a l s .  W . O .  Spal l ,  i n  
h is  paper ,  d i sc u ssed the app l icat ion  of supercr i t ica l  carbon d i o x i d e  t o  precis ion 
type c lean i n g .  He c o n c l u d ed that supercr i t ica l  carbon d iox ide  i s  an exce l l ent 
solvent for  accu racy c l e a n i n g .  Work i s  in  prog ress for  us ing C02 for  o i ly water  
treatmen t .  
M .  D e o ,  J .  H w a n g  and F .  H a nson - 1 9 9 2 ,  117J have i nt rod uced extract ion  of 
a crude o i l ,  b i t u m e n  - d er ived l i q u i d  and b itumen by carbon d i o x i d e  and propane 
extract i o n . T hese were c o n d u cted at several  temperatures and pressures with 
C02 and propane for extract io n .  They have d iscussed that mass recover ies in 
excess of 95 % of the m ater ia l  i n it i a l l y  charged to the extracto r were obta i ned in 
a l l  experi ments . Losses were due to mater i a l  t rapped in stagnant spaces.  The i r  
exper iments were reprod u c i b l e .  For  c rude o i l  C 0 2  extract ion exper iment ,  i t  was 
observed t h at heav ier  com ponents were extracted with equa l  eff ic iency from 
b itumen-de r ived l i q u id . They conc l uded that both C02 and propane exh ib i t  
i m p roved extract i o n  i n  the  v i c i n ity of  the i r  respective cr i t ica l  temperatures for  
feed stocks  rang i ng f rom a l i g ht paraff i n i c  crude to a heavy naphthenlc o i l .  
Heavier  c o m p o u n d s  are extracted a s  extract ion t i m e  and extract ion  pressure 
i ncrease . 
J .  H w a n g ,  S .  Park and ( M i l i nd Deo and F .  H a nson)  - 1 9 9 5 , 118J have 
descr ibed m u l t ip l e  cont act extract ions  of crude o i l  ca rr ied out  with  su percr i t ica l 
C02 i n  o rder  to assess the  effect of  the  dens ity and cr i t ica l  po i nt  of solvent on 
the extract i o n  perfo rmance as  a funct ion of process var iab les . As the extraction 
cont in ued , re lat ive ly  m o re a m o u nts of  paraff i n i c  compounds and lesser amount 
of naphthen ic  and a romat ic  compounds were extracted . The solvent strength of 
[15 ] 
a supercr it i c a l  f l u i d  was i nvest igated at d i fferent pressures,  wh ich  is  re lated to 
Its so lvent d e ns ity at h i gher  pressure s .  The Carbon n u m ber  d i str i but ion had 
sh ifted more towards h eav ier  Carbon nu mbers . 
D .  E h nt h o l t ,  C .  E p p i g  and K. E .  Thrun [19J h ave d i sc u ssed the use of 
su percr it i c a l  f l u i d C a rbon D i ox ide  to extract low levels  of organ ic  su bstances 
from water w h i c h  was i n vest igated for 2 3  d i fferent compound s .  Genera l l y  
compounds t h at were  vo lat i l e  and/or  not  h i g h l y  so lub le  i n  water were read i ly  
extracted u n de r  the  cond i t ions  used . Compounds of h igher  water so l u b i l i ty d id  
not  show ev idence of  extract ion. I n  add i t ion ,  those  mater i a l s  that tended to  
prec i p itate or  form m o re s o l u b l e  species u nder  ac id ic  cond i t ions  were not 
extracted. 
At s u percr i t ica l  pressure ra nging from 6. 9 to 2 7 . 6 M Pa ,  they 
demonstrated the use of  s u percr i t ica l  f l u id C a rbon D iox ide  ( S C FC 02) for the 
i so lat ion  and c o n centrat i o n  of  certa in types of  organ ic  compounds present i n  
water a t  l o w  c o n c entrat ion  leve l .  Compounds that were h i g h l y  so lub le  i n  water 
were read i l y  extracted. 
H i n g - B l u  Lee and R. H o n g-You - 1 9 9 1 , [
20] have developed advanced 
methodo l ogy  for t h e  e n v i ro n menta l  sampl i n g  and chemica l  ana lys is  of po l lutants . 
They have i ntroduced s u percr i t ica l  f l u id extract ion  tec h n i q ue ( S C F E ) . They 
conc lu ded that an extract i o n  run took 30 m i nutes and org a n i c  so l vents and the 
d i s posa l  pro b l e m s  were a l most comp lete ly e l i m i nated . They conc l uded that 
S C F E  is  more se l ect ive and red uces the need for postextract ion c l e a n - u p .  
[21] h D .  G ho n a s g i ,  S .  G u pta ,  K .  Doo ley and F. Knopf - 1 9 9 1 , ave 
conducted an  exper iment  by u s i n g  S C F E  for the rem ova l of  organ ic  tox ics from 
water by u s i n g  a c o n t i n u o u s  f l o w  through ce l l  system . They used C02 at 
temperature r a n g i n g  ( 3 1 3  and 3 2 3  K) over a pressure range of 9 . 65 to 1 7 . 2 3  
M p a  for each c o n t a m inant  ( benzene) . 
[16 ] 
The resu lts for  benzene i s  the most hydroph i l i c .  I n  water C02 - benzene 
phase, benzene i s  found p r i m a r i l y  in the C 02· r ich  phase,  and only very sma l l  
concentrat ion  was found i n  water .  S u percr i t ica l  extracti o n  studies show that  i t  
i s  a v iab le  method for  red u c i n g  hydrocarbons i n  water to  envi ronmenta l ly  
acceptab le  l ev e l s  p r i o r  to d i scharg e .  T h i s  was the motive for  carry ing out C02  
extractio n  i nvest i g at i o n  i n  t h i s  thes is .  
1 . 3 Scope of  I nvest igation 
The scope of t h i s  work  w i l l  inc lude the fo l lowing: 
1 . 3 . 1 Study of  the e x i st i n g  o i l y  water t reatment in offshore Abu D h a b i  o i l  f ie ld  
l ocat i o n s  a n d  e x p l a i n  the  mechan ism of  o i l /water separat ion  method s .  
1 . 3 . 2  C o l lect d ata  for  o n e  year  of  treated o i l y  water from the var ious  locat ions ,  
i nterpret t h e  res u l ts  accord i n g  to A D N O C  environmenta l  standard s .  
1 . 3 . 3  C o l lect o i l y  w ater s amp les  from t h e  same l ocat ions ,  ana lyze them f o r  o i l  
content to com pare with  prev ious  d at a .  
1 . 3 . 4  Cond uct  C 0 2  extract io n  exper iments us ing  s u percr i t ica l  C O2 t o  rem ove o i l  
conta m i n a t ion  f r o m  o i l y  water e m u l s io n .  
1 . 3 . 5  Stu d y  a n d  h i g h l i g ht o i ly/water treatment def ic ienc ies  and eff i c ienc ies . 
1 . 3. 6 O bta i n i n format ion  o n  the source of  C O2 i n  offshore locat ions  and propose 
C O2 p u r i f i c at i o n  process .  
[17 ] 
CHAPTER 2 
MATERIALS AND METHODS 
2.0 MATERIALS AND METHODS 
T h i s  c ha pter focuses o n  the o i l -water phase behavior  and cr i t ica l ly  
exami nes the d i fferent types of o i l y-water treatment cu rrent ly i n  use  i n  Abu 
D h a b i  offs h o re o i l  f i e l d s .  A new e x per im ental  method ut i l i z i n g C 0 2  a t  super 
cr it ica l  c o n d i t i o n s  for  extract ion  of o i l  content from water i s  exp lored . 
2 . 1 Petroleu m E m u lsions 
Pet ro l e u m  e m u l s i o n s  are i n t i m ate,  two ph ase mi xtu res of  o i l  and water 
with one phase d i spersed as m i n ute g lobu les  i n  the other ph ase . The m inute 
g lobu les  are stab i l i zed by an i nterfac ia l  f i l m  or stab i l i z i ng agent such that the 
g l o b u l e s  d o  not  coa l esce and d o  not respond to g ravity sett l i n g . [
22] 
There are t wo types of  e m u l s i o n s :  
D i s persed p h a s e ,  as  o i l - i n -w ater ( O . W )  or  water- i n - o i l  ( W . O )  
D u a l  O . W  a n d  W . O  e m u l s i o n s .  
Important e m u l s i o n  c h a racter ist ics are: 
St a b i l i t y ,  as m e a s u red by change with t ime of the d i spersed phase part ic le  
Type of  i nterf a c i a l  f i l m .  
A n i o n i c-ac i d  stab le  or  a c i d  sens it ive .  
C at i o n i c  - a l k a l i  stab le  or  a l k a l i  sens it ive . 
N o n - i o n i c-not- a l k a l i  stab le  o r  not- a l k a l i  sens it ive .  
The f o l l o w i ng m aj o r  factors affect  emuls ion sta b i l i ty .  Four  out  of  f ive of  these 
factors are d i rect ly  re l ated to the i nterfac ia l  f i l m :  
[18 ] 
a )  A coherent ,  m e c h a n i c a l l y  stro ng  i n terfac i a l  f i l m .  
b )  A n  or iented u n i m o l e c u l a r  l ayer o f  e m u l s i fy ing  o r  t ight ly  pac ked so l id  
p a rt ic les  at the  i nterface.  
c )  V i scos i ty of  the  cont inuous  phase and of the e m u l s i o n .  
d )  N ature a n d  a m o u nt of emu ls i fy ing  agents .  
e )  Phys i c a l  storage o r  h i sto r ica l  cond i t ions ,  such as temperature,  ag itat ion ,  
and d i l u t io n .  
I m portant p h y s i c a l  propert ies  contro l  the degree o f  success i n  emuls ion  brea k ing  
by phys ica l  methods such as  heat i n g ,  d i st i l l at i o n ,  centr i fug ing  or  f i l t rat io n .  
These phys ica l  propert ies  i nc l u d e :  
Su rface ten s i o n . 
M i s c i b i l i t y .  
E l ect r i c a l  c h a r g e .  
V iscos i ty. 
V o l u m e  R e l a t i o n s  
2 . 1 . 1 E m u l s i o n  Break i ng 
Format ion of  e m u l s i o n s  s hou ld  be m i n i m ized and the e m u l s i o n s  shou ld  be 
segregated by  w h atever treatment poss i b l e .  Near ly  a l l  recovered o i l  sk i mmed 
from process se parators is a water- i n-o i l  e m u l s i o n .  Some of the e m u l s i o n s  may 
read i l y  separate i nto an  o i l  layer  of  re lat ively low water content which may be 
fed to a crude oi l  st i l l  o r  some other process i n g  operat ion  and i nto a water l ayer 
of  low oi l  content  that can be d ra i ned back to the sepa rato rs . H o wever,  there 
is genera l l y  an i ntermed i ate l ayer  of e m u l s i o n  that res i sts separat i o n  and must 
k · f h i' , h' d 
123] 
und e rgo f u rt h e r  treatment before brea Ing 0 t e e m u  s lon I S  ac l eve . 
I mproper treatment of  e i ther  O . W  or  W. O emu ls ions  may i n vert the e m u l s ion  to 
the oppos ite type . 
[19 ] 
2 . 2  Oi ly water treatment types i n  offshore - Abu Dhab i  
I nvest i g at ion of Abu D h a b i  o i l  operat ion  revea led that  o i l y  water treatment 
i s  carr ied out by one or  more of  the f o l l o w i n g  methods:-
a )  G rav ity separat ion. 
b )  E n h anced g ravity separat io n .  
c )  P l ate C o a l escence . 
d )  E n h a nced Coa lescence 
e )  G as f l otat i o n  
f )  F i l t rat i o n  
g )  R e i nject i o n  
2 . 2 . 1 G rav ity Separat ion 
Th is  i s  t h e  m o st c o m m o n l y  used method i n  Abu D h a b i  o i l  f i e lds  because 
of i ts s i m p l e  o perat io n  and low cost . Nevertheless th is  method can o n l y  remove 
b u l k  o i l  but c a n not d e a l  with  d i sso lved or  emu l s i f ied partic l e s .  The bas ic  pr inc ip le  
of gravity separat i o n  re l ies  o n  the o i l/water density difference and the rete nt ion 
t ime in the  treatment vesse l s .  I t  i s  to be noted that the gravity d i fference is  
adverse ly  affected by the q u antity of water emu ls i f i ed i n  the o i l  phase . I f  the 
qu ant ity i s  very h igh t h e  density  d i fference wi l l  be l o w  and grav ity  separat ion 
wi l l  o n ly  be poss i b l e  by  c h e m i c a l  t reatment,  i n c reased temperature,  and greater 
retent ion t i m e .  I n  some cases,  g ravity separat ion necessitated the i n st a l l at ion  of 
cons iderab ly  l a rger  vesse ls  in order  to prov ide the req u i red retent ion t ime.  Th is  
retent i o n  t ime i s  in  t h e  range of  hours ,  not m i n utes,  as the case i n  other  f ie lds  
processes . I t  w a s  a l so noted i n  a l l  cases  of operat ions exami ned dur ing  th is  
st udy,  t h at gravity separat ion a l o ne i s  not capab le  of produc ing  water qua l ity 
near to the spec i f i c at i o n .
1 23] ( See F i g . 2 . 1 & 2 . 2 ) 
The b a s i c  p r i n c i p les  govern i n g  separat ion  of o i l  f rom water by g ravity 
d ifferent i a l  may be e x p ressed mathemat ica l l y .  
[20] 
Start i n g  w ith the  genera l  equat ion for the resistance to mot ion of a 
part ic le  i n  a l i q u i d  med i u m  ( f i rst proposed by Newto n )  and by subst itut ion of 
terms and a p p l i cat ion  o f  c o rrect i o n  factors , one can der ive a modi f ied vers ion of 
Sto ke ' s Law for  the  rate of r ise  o f  a n  o i l  part ic le  in  water .  [
22J 
The a p p l i c a b i l i ty of  that equat ion to o i l  g l obu les i n  waste water has  been 
i nvest i g ate d .  I t  has been determi ned from the results of exper i ments and from 
p l ant operat i n g  d ata that the separators des ign shou ld  be based o n  the rate of 
r ise of o i l  g l o b u l e s  h a v i n g  d i a meters o f  0 . 0 1 5 c m .  For that part i c l e  d i ameter, the 
equat ion then bec o m e s : 1
2 21 






R ate  of  r ise  of o i l  g l o b u l e  ( 0 . 0 1 5 cm i n  d i ameter) i n  waste 
water ,  in c m /m i n .  
Spec i f i c  g ravity of  waste water a t  des ign  temperature o f  f l o w .  
S p e c i f i c  g ravity of o i l  i n  waste water a t  d e s i g n  temperature o f  f l o w .  
Water v i scos ity i n  P a  - So 
2 . 2 . 2  A P I  - G rav ity Separator 
T h i s  type of  g ravity separator I S  a l ways com pr i sed of th ree compon ents 
as fo l l o w s : - ( F ig . 2 . 1 i l l u strates bas ic  grav ity separat ion  method ) . 
a )  O i ly/water separator w h i c h  i s  a rete nt ion vessel  w ith a s k i m m i ng syste m .  
b )  O i l  h o ld i n g  tank  to w h i c h  o i l  s k i m med i s  d i sch arged f rom the separato r .  
c )  P u m p i ng system w h i c h  o perates accord i n g  to t h e  o i l  level  i n  t h e  ho ld ing  
f ·1·· ( F· 2 1 )  124J tank  a n d  p u m p s  the o i l  b a c k  to the o i l  process aCI I tles see Ig . .
[21 ] 
Usi n g  t h i s  concept of the r is ing  o i l  g lobu le  as ex pressed i n  equat ion 
( 1 ) , the des ign of  an  API  o i l -water separator i s  based on three re lat io n s h i p s .  
( a )  A m i n i m u m  hor i zonta l  a r e a ,  AH, ex pressed as: 
AH 0 . 0 1 x F (Om/Vt) 
Where : 
F D e s i g n  factor  for  turbu lence 
Ow Waste water  f low, m 3/mi n .  
( 2 . 2 ) 
( b )  A m i n i m u m  vert i c a l  c r o s s  sect iona l  arear A c  
' 
com puted by t h e  equat ion: 
Where : 
vH 
F ( Qw/V h )  ( 2 . 3 ) 
H or izonta l  f l o w  ve loc ity ,  m/m i n .  ( not to exceed 1 5  Vt or  1 m/m i n ) .  







= 0 . 3  ( 2 . 4 )  
Depth of  waste water i n  separator,  m .  
Width  of  separator  c h a m berr m .  
I n  c a l c u l at i n g  the  size o f  an  A P I  separator ,  the va lue  o f  the hor izonta l  arear 
AHr  is  not deter m i n e d  d i rect l y .  Acceptable va lues of width and depth are 
estab l i s hed f i rst ,  u s i n g  e q u at i o n s  ( 2 . 3 ) and ( 2 . 4) .  The length is then computed 




0 . 0 1  x F ( V h/Vt) d ( 2 . 5 )  










































































































































As the resu lt  o f  ex per imenta l  stud ies ,  a short-c i rcu i t ing facto r ,  Fs ,  of 1 . 2 is  
recommended . T h e  turbu lence factor ,  F t  has been shown to be a funct ion of  
VH/Vt ·  
T h e  A P I  separator  s h o u l d  be des ig ned with in  the fo l lowing  l i m its : 
M i n i m u m  d i m ensi on M a x i m u m  d i mension 
Depth,  m 1 2 . 4  
Width,  m 2 6 . 0  
Le ngth , m 1 8  4 6  
Depth/w i dth rat i o  0 . 3  0 . 5  
The separator  s h o u l d  b e  des igned with a m i n i m u m  o f  two channe ls  so 
that one c a n  be operat i n g  w h i l e  the other is  out or service for c lean ing ,  
m a i ntenance,  etc . [
2 2] 
2 . 2 . 3  E n h an c ed G rav ity Separat io n  
H y drocyc l o n e  centr i fuges were tested i n  some of Abu D h a b i  o i l  f ie lds .  
The hydroc y c lones  o perate by c h a n g i n g the pressure energy to ve locity energy . 
The o i l  i s  separated i n  a sp i ra l  type cyc lone by centr i fuga l  forces . 
T h i s  method req u i res h i g h  pressure and i s  very sens it ive to temperature . 
C h e m i c a l  i nject i o n  l i ke po l ye l ectro l yte a l w ays req u i red to i m p rove the q u a l ity of 
water separated in the reported test s .  None of  the tests ach i eved the target 
q u a l i ty of  1 5  ppm o i l  i n  eff luent  waters .  
2 . 2 . 4  S k i m m e r  Vesse l 
The s k i m mer  vessel  o r  tank  is  the s i m plest form of pr im ary treating 
equ ipment  to separate o i l  f rom water (see F ig  2 . 2 ) .  These vesse l s  are normal ly  
[24 ] 
des igned to provi d e  l a rge res idence t imes dur ing  wh ich  coa lescence and gravity 
separat ion  can occ u r .  Proper s i z i n g  a n d  p u m p  capacity i s  cr i t ica l  t o  the 
effect iveness and eff ic iency of the sk immer  vessel in oi l  and water separati on . 
2 . 2 . 5  S k i m m e r  tank  
The s k i m m e r  t a n k  i s  n o r m a l l y  a larg e  capac ity tank f o l l o w i n g  the l ast 
stage of o i l  a n d  water  separat i o n .  I t  f o l l o w s  other stages of  o i l  a n d  water 
separat ion  e q u i pment ,  s u c h  as  t i l ted p late separator or  a i r  f loatat ion u n its ( F ig  
2 . 3 ) .  I t  i s  c o n s i d e red as a l ast safeguard aga inst escape of  o i l  to the mar ine 
env i ro n m e n t .  T h e  q u a l i ty  of eff l uent from the sk immer tank depends on the 
effect iveness a n d  eff i c i ency of  the upstream eff l u e nt treatment .  [23J 
2 . 2 . 6  Pl ate Co a lesce nce 
The process of coa lescence i n  water treat ing systems I S  more t ime 
dependent t h a n  d i s pers i o n .  I n  d i spers ion of two i m m i sc ib le  l i q u i d s ,  i m med iate 
coalescence se ld o m  o c c u rs when two d rop l ets c o l l i d e .  I f  the d rop let pa i r  i s  
exposed to t u r b u l ent pressure f l uctuatio n s ,  a n d  t h e  k inet ic  energy  of osc i l l at ions 
i n d u ced in  t h e  c o a l e s c i n g  drop let pa i r  is  l a rger than the energy of  adhes ion 
between them,  c o ntact w i l l  be broken before coalescence i s  completed . 
I t  h a s  been s h o w n  that the  t ime to grow a d roplet s ize  by coa lescence i n  
gravity separator  t a n k  o r  vessel  is  proport iona l  to t i m e  t o  s o m e  power greater 
than  th ree and i nverse ly  proport i o n a l  to the concentrat ion of the o i l  phase . From 
t h i s  it  can b e  c o n c l uded that after a n  i n it i a l  per i od , add i t iona l  retent ion t ime has 
a rap id ly  d i m i n i s h i n g  a b i l i ty to cause coa lescence and capture oi l  d rop lets as 
h . F ·  2 6 [23] s o w n  I n  I g . . 



















































































































































































































































































































































































































































































































































































2 . 2 . 7  En hanced P late Coa lescence 
The most c o m m o n l y  used type of t h i s  t reatment method i s  the para l l e l  
p late I n tercepto r type .  The pr inc ip le  of  separat ion re l i es  on gett ing  smal l s ize o i l  
d rop lets together to coa lesce a n d  form a b igger  d rop let w i t h  apprec iab le  weight 
w h i c h  w i l l  separate i f  e n o u g h  retent ion t ime is  a l lowed . 
T h i s  method w a s  not found to be used s ing ly  I n  any of the o i l  f ie lds  
studied . I n  a l l  cases g ravity separat ion was essent ia l  to separate the b u l k  o i l  
before the w ater was f l o wed to  the coa lescence un i t . 
Sto k e ' s  Law states that a parti c le  f a l l i n g  u nder  the act ion of gravity (sand)  
o r  buoyed u p  u n d e r  the  act ion of  Arc h i med e ' s  Pr i nc ip le  (o i l )  w i l l  accelerate unt i l 
the fr ict i o n a l  d ra g  of  the  f l u i d j u st ba lances the accelerat ion force,  after wh ich  it 
w i l l  cont inue  to f a l l  or r ise at a constant ve loc ity known as the termina l  veloc ity . 
I t  matters not w h ether  the  part i c l e  i s  moving through f l u i d  or the f l u id i s  moving 
past the p art i c l e  as  long as the  overa l l  f l u i d  system rem a i n s  i n  the l a m i n a r  f low 
reg i m e .  The advantage of para l le l  p late i nterceptors i s  the r is ing  d i stance IS  
extremely  smal l  for  o i l  d rop lets to r ise and coa lesce to l a rger d rop lets . 
Hor i zonta l  vesse ls  are  more eff ic ient  at water and o i l  separati on because 
oi l  d rop lets d o  not  h ave to f l o w  cou nter-cu rrent to the water f l o w .  
2 . 2 . 7 . 1 Hor i zo ntal s k i m m e r  s i z i ng :  
H o r i zonta l  cyl i n d r ica l  vessel o ne-ha l f  fu l l .  The req u i red d i ameter and 
length of  a h o r i z o nta l  cy l inder  operat i n g  one-ha l f  f u l l  of  water can be determ i ned 
[23) 
f rom Sto kes '  Law as f o l l o w s :  
( 2 . 6 ) 
[28 ] 
where 
01 Vesse l  1 0 ,  m 
Ow = Water f l o w rate,  m3/d 




O i l  d ro p let d i a meter ,  m icron 
E ffect ive length  i n  which separat ion occurs,  m 
D i fference i n  spec i f ic  grav ity between o i l  and water 
ThiS equat ion  w i l l  be  suff ic ient  to a l low the ca lcu l at ion  of o i l  parti c les of 
d i ameter dm or  l a rger  to sett le  out .  H o wever,  only those combi nat ions that a lso 
sat isfy the  f o l l o w i n g  retent ion t ime cr i ter ia  shou ld  be chose n :  
where 
Tr = R etent ion  t i m e ,  m i n  
( 2 . 7 )  
The cho ice  o f  c orrect d i a m eter and length can  be obta i n ed by p lott i ng 0 1 versus 
Leff for  both E q s .  2 . 6  and 2 . 7 .  Any combi n at ion that sat isf ies both equat ions is  
accepta b l e .  
Hor i zonta l  rectangu l a r  cross-sect ion tan k .  S i m i la r ly ,  req u i red width and 
length of a h o r i z o nta l  t a n k  of  rectan g u l a r c ross-sect ion  can  be determ i ned from 




( 2 . 8 ) 
W i d t h ,  m 
E f fect ive length  i n  w h i c h  separat ion  occurs,  m 
The h e i g ht o f  w ater f l o w  shou ld  be l i mited to 0 . 5  t imes W .  From retent ion 
t ime req u i re m e n t s :  
( 2 . 9 ) 
The c h o i c e  of  W and L that sat isf ies both req u i rements can  be obta ined 


































































































































































































































































































































































































































































































































































































































































Sample s  t a k en  from System 4 show that the treated water can have o i l  
content rang i n g  f rom as l o w  as 4 p p m  to as h i g h  as  1 00 ppm depend ing upon 
the f i rst stage treatment eff ic iency and o n  the st ab i l i ty  and rate of f l o w .  
E n h ancement  of coa lescence i s  ach i eved b y  a steady f l o w  w i t h  n o  
turbu lence o r  su rges . These cond i t ions  avoid ag itat ion d i stu rbance a n d  ensure 
the coalescence p rocess by g ravity separat ion . H i gh q u a l i ty water was c la imed 
but the c l a i m  needs ver i f ic at ion . 1
231 
2 . 2 . 8  G a s  F l otat ion  
Th is  method i s  app l ied i n  severa l  o i l  f i e lds  i n  Abu D h a b i . I n  a l l  cases ,  the 
gas used was i n d uced a i r .  The p r i n c i p l e  of  th is  method is  to air  l i ft the oi l  to the 
top by i n d u c i n g  a i r  into the  syst e m .  Froth forms at the top w h i c h  i s  sk i mmed 
and f l owed b a c k  to the system . See F i g .  2 . 7 .  
F loatat i o n  u n it s  are t h e  o n l y  c o m m o n l y  used water treat i n g  equ i pment 
that do not re ly  o n  gravity separat i o n .  
As t h e  c a s e  w i t h  coa lescence,  g a s  f l otat ion treatment req u I res b u l k  o i l  
separat i o n  u pstream of  t h e  g a s  f loatat ion u n i t .  
2 . 2 . 9  F i l t r a t i o n  
T h i s  tech n i q u e  o f  sepa rat i o n  was found o n l y  i n  one s ite . I t  ut i l i zes "sand 
poo l  If which i s  a f i n a l  stage of  treatment after  API  g ravity separat ion and p late 
coa lescence u n i ts . T h e  f i l te r  is used as a f i n a l  stage of treatment . It was 
dete rmi ned t o  be very pract i c a l . F i l ters emp loy ing  sand and other  med i a  have 
been used . T h ey a re ext rem e ly  eff ic ient at water c lean i n g ,  but c log eas i l y  with 
o i l  and are d i f f i c u lt to  b a c k w as h . [
231 See F ig . 2 . 1 6 .  









































































































































































































































2 . 2 . 1 0  Water Re- i nject lon  
Two locat i o n s  - one  i n  Abu D h a b i  and one between Abu D h a b i  and Qatar  
are m a n a g i n g  o i l y  water by re- i nject ion  i n  a ded icated reservoi r .  Carefu l  
perme a b i l i ty study i s  req u i red before select ing  the su itable reserv o i r .  Despite the 
h i g h  capita l  cost req u i red for  th is  approac h ,  i t  causes no mar ine pol l ut ion and 
req u i res m i n i m u m  treatment and q u a l i ty control . See F i g .  2 . 2 3 ,  2 . 2 4 & 2 . 2 5 .  
2 . 3  I nvest igat ion  of e x i st i ng treatment systems 
C o m p lete i nvest i g at i o n  o f  the  ex ist ing o perat iona l  t reatment fac i l i t ies I S  
documented in t h i s  sect i o n . 
2 . 3 . 1 Treatment of  System- 1 
F ig  2 . 8  i l l u strates the  e x i st i ng crude o i l  and watet treatment fac i l i t ies 
which compr i ses o f :  
1 .  E l ectro-therma l  process p lant  ( E T P P) or  Dehydrat ion  and Dasa l t ing  ( 0 & 0  
p lant ) . 
2 .  Seawater  o xygen removal  p l ant ( SWO RP) . 
3 .  Degass ing  d r u m s .  
4 .  S o u r  w ater d e o i l i n g  p l a n t  ( SW D P) . 
5 .  A P I  Sepa rato r s .  
Water is  f i rst  rem oved i n  3 - Phase separators and t h e n  i n  the sphero i d s .  
The o i l  then p a s s e s  to the ETPP w here the s a l t  content i s  red uced b y  water 
wash ing  d o w n  to the  acceptable level  of 25 PT B sa lt  content ( pounds  per 




25 1  
tanks where a n y  re m a i n i n g  ree w ater I S  rem ove . 
[3 5 ]  
Water f rom second and t h i rd stage separators f lows to Degass ing Drum 
for removal  of  gases before c o m m i n g l i n g w ith  water from spheroid s ,  ETPP and 
storage tanks  in one l i n e  for  f ina l  treatment i n  the Sour Water Deo i l i n g Plant 
S W D P .  A l ternat ive ly  the water can f low to the API Separator d u r i ng upsets or 
major m a i ntenance in t h e  S W D P . ( See F ig . 2 . 1 0) Oi l  recovered is  pum ped back 
to ETPP.  
2 . 3 . 1 . 1 S o u r  Water D eo i l i ng P lant  (SW D P) 
T h i s  i s  s h o w n  i n  F i g .  2 . 1 0  Schemat ic  F low D i agram of S W D P .  The des ign 
of the p lant  i s  to treat 1 60 M B P D  of eff luent  water  to 5 0  ppm o i l  i n  water  or 80 
M B PD to 1 5  pp m . I t  removes the  bu lk  of the res idua l  o i l  f rom the eff l uent water 
w h i c h  conta i n s  h i g h  s a l t .  I t  a l so removes hydrogen su lph ide  and res i d u a l  o i l  pr ior  
to d i sc h arg i n g  the eff l uent to sea 1 . 5 k m .  offshore through subsea d i ffu sers . 
SWD P  d e s i g n  c o n d i t i o n s  are as f o l l o w s :  
S . G .  
S a l i n i ty  
O i l  c o ntent  
H 2 S content  
1 . 2 max . to 1 . 0 2 5  m i n .  
1 00 , 000 - 2 5 0 , 000 p p m  wt . 
1 5  ppm by vo l .  m a x .  
3 5 0  ppm m a x .  
S W D P  rece ives eff luent  water f r o m  the separators associ ated w i t h  the 
offshore f i e l d s  processes . I t  a lso receives eff l uent from dehyd rators,  desa lters of 
the  E l ectro-therma l  Process P lant  ( E T PP) and i ntermittent ly  f rom the  crude o i l  
storage t a n k s .  
The o i l  i s  rem oved f r o m  the eff l uent i n  t w o  stages :  
- B u l k  o i l  separat i o n  f o l lowed by a 
- R e s i d u a l  separat i o n . 






















































































































































The o i l y  w ater  f i rst enters one of the l a rge feed tanks AlBIC where bu lk  
separat i o n  t a kes p lace .  The sour  water then f lows under  gravity through two of  
the Para l l e l P late  I n terceptor ( PP I )  un i ts  AlBIC wh ich  ass ist the f ine ly  d i spersed 
o i l  d ro p lets to c o a l esce and r ise to the surface.  If req u i red to enhance the 
separat i o n  process f u rther ,  polyelectrolyte is  i njected upstream of the PPI  un i ts .  
The de-o i led  water  passes i nto one of the pump surge tanks  AlBIC and , i f  
i t  meets t h e  q u a l i ty  req u i rements ,  i s  p u m ped to d i sposal  po ints 1 . 5 km. out to 
sea . 
I f  t h e  w ater  i s  outs ide  the  spec i f icat i o n ,  it i s  retu rned to a feed tank  for 
further  process i n g  by  a PPI u n i t .  The oi l  separat ing  i n  the feed tanks  f lows under  
g ravity to one  of  the  recovered o i l  t a n ks AlB . The o i l  f rom the PPI  un its d ra ins  to 
one of  t h e  s lop o i l  d ru m s  AlB from which the o i l  i s  pu mped i nto the recovered o i l  
tanks .  I ts contents  may be heated to enhance further  separat ion  of o i l  and 
water . F rom the  recovered o i l  tanks the o i l  i s  p u m ped to the E l ectrostat ic Treater 
Process P lant  ( E TPP)  and the water is recycled to the feed tanks . 
2 . 3 . 1 . 2 Para l l e l Pl ate I nterceptors (PPII 
The f u n ct i o n  of  the PPI un i ts  IS  to rem ove f ine ly  d i spersed oi l  d roplets 
from the sour w ater ,  to a c h i eve 1 5  ppm vo lume oi l  in  water ,  o r  less,  at 50% 
throughput  i . e .  80 M B D ,  or  at 1 00 %  throughput  i . e .  1 6 0 M B D .  
T here are t h ree u n i ts  of  PP I  and two are req u i red t o  ach ieve 1 5  ppm 
vo lum e  at h a l f  p l a nt th roughput  80 M B D .  There are two water i n lets on each PPI 
un i t ,  both from the feed tan k s .  The pr im ary i n let  is  v ia  a l i n e  wh ich  connects 
with  a feed t a n k  w ater  o u t let  we i r  through a man i fo ld  conta i n i ng a sh ut-down 
va lve to c lose  a u to m at i c a l l y  when a h igh level  i s  ach ieved i n  any PP I , o r  i n  any 
two pump surge tan k s .  S i m i l a r ly  the i n let conn ects with a dra in  down l i n e from 
the feed t a n k s  w h i c h  a l so conta ins  a sh ut-down va lve to c lose when the 
recirc u l at i o n  l i n e  at the  d i sposa l  pumps is  brought i nto use . This assumes that 
the recycled water  p a sses up  the d r a i n  l i ne to a feed tank,  rath er  than i nto the 
[38 ] 
PPI ' s .  The i n let  va lve to each PP I  a l lows the f low to be d i v ided equa l ly  between 
the PP l ' s  to ach ieve m a x i m u m  eff i c iency .  
F i g u re 2 . 1 1 i l l u strates the actua l  mechan ism of o i l /water separat ion 
tak i ng p lace  ins ide the  PP I  w here the water is  d iss ipated by a baff le  p late and 
f lows u n der  a n  i nverted wei r  to d i st r ibute the f low even l y .  The water then 
passes t h r o u g h  the  " e n h anced gravity " separat ion  sect ion which cons ists of  
corrug ated p l ast ic  p l ates stac ked up  with  narrow gaps between t h e m .  The water 
f lows up and d o w n  over the corrugat ions which  enco urages the o i l  d rop lets  to 
coalesce and co l lect on the p l ates as a f i l m .  
The o i l  f i l m  m i g rates to the  c rest of  t h e  corrugat ion a n d  o i l  d rop lets r ise 
through " w ee p "  h o l e s  in the crests .  The co l l ected oi l  forms an oi l  l ayer on the 
surface of  t h e  water .  The o i l  i s  removed from the surface by four o i l  sk i mmers 
and g ravity f l o w s  to  one of  the s lop oi l  d rums through a 4" steam t raced l i n e .  
The water  f l o w s  u nder  the  o i l  da m over t h e  out let w e i r  to t h e  p u m p  surge 
tanks . On each PP I  u n it there are two level  gauges mou nted to cover the f u l l  
operat ing h e i g ht of  the  tan k .  F u rther  contro l  i n strumentat ion measu res o i l  i n  
water  content  p r i o r  to  d i scharge to sea . 
T h e re are two s ludge p u m p  out po ints .  Steam sparge and sea water 
con nect io n s  are p rov ided for degass ing and c l e a n i n g ,  respect ive ly . 
2 . 3 . 1 . 3 A P I Separators 
F u rt h e r  to i tem 2 . 2 . 2  and F ig . 2 . 1 deta i l s ,  AP I  i s  cons idered the o ldest and 
the most c o m m o n  type of o i l y  water treatment equ ipment used wor ldwide .  I t  is  
used i n  Abu D h a b i  o i l  product ion  fac i l i t ies  as deta i l ed i n  F ig . 2 . 1 2 . I t  has 
n u mero u s  c o n f i g u rat ions  and i ts  essent ia l  parts are as f o l l o w s :  
[3 9] 
a .  F o u r  para l l e l  bays ,  capab le  o f  ta k ing  one out o f  serv ice w h i l e  the others 
o perate . 
b .  A forebay t o  d i st r ibute water t o  the var ious bays.  
c .  A n  afterbay ,  o r  eff lu ent water channe l  through wh ich  the sk i m med water 
f l o w s  b y  g rav ity  to the sea . 
d .  Adj u stab le  p i pe s k i m mers ,  near  the out let end o f  each c h a n n e l ,  j u st ahead 
of the water  u n d e r  f l o w  w e i r .  
e .  A n  o i l  s u m p ,  w h i c h  receives s k i mmed watery o i l ,  w i t h  p u m p s  that send 
the w atery o i l  to s lop  o i l  h a n d l i n g  u n i t .  
f .  N o  roof  or  other  m e a n s  to  keep d o w n  vapor loss . 
g .  F l i gh t  scrapers ,  motor dr ive n ,  w h i c h  s lowly  push f loat ing o i l  toward the 
p i pe s k i m m ers ,  and push bottom s ludge toward the front for  remova l . 
h .  A p u m p  near  t h e  s i d e  t o  receive and send the o i l y  water s l udge t o  s l udge 
p i t .  
I .  M ot or  dr iven  s l udge screws,  w h i c h  pushes s ludge to the s ide o f  each 
c h a n n e l ,  t o w a rd the suct ion  of each s l udge p u m p .  
J .  Forebay s k i m mers ,  to remove s l udge of o i l . 
k .  R o l l s  s k i m m ers for  s k i m m i ng with  less entra i n ed water .  They are attached 
t o  t h e  s i d e w a l l s  and are motor dr ive n .  
A P I separators i n  treatment system - 1 a r e  u n-covered/w ithout roo f .  Th is  
i s  to enab le  the  operator to see the s k i m mers for  adj ustments of 
sk i m m i n g . 
F ig . 2 . 9 i s  the  schemat ic  d i ag ram of the i n lets and out lets to the AP I  
Separato r s .  The s i te  reports that  A P I  i s  capab le  of separat ing  up  to 1 00 - 200 
p p m ,  at the present  f l o w  rate of  appro x i m ate ly 3000 bbls per t h ree days .  As 
shown i n  F i g .  2 . 1 8  s a m p l e s  results without  demul s i f iers are above 1 00 ppm.  O n  
t h e  other  h a n d  s a m p l e  resu l ts after demu ls i f ie r  shows w i t h i n  t h e  range of 1 5  
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As the  case i n  a l l  g ravity separators,  the AP I  separators are not adequate 
for ach iev i n g  target  q u a l i ty of 1 5  p p m .  Its operat ion is affected by the micron 
size of the o i l  d ro p lets ,  m o l e c u l a r  forces such as i nterfac ia l  tens i o n ,  v i scosity , 
dens i ty d i ffere n c e ,  tem perature and p H  va lue ,  a l l  of w h i c h  contro l  the requ i red 
t ime for  the  two p h ases to separat e .  
2 . 3 . 2  Treat ment  of System- 2  
T h e  term i n a l  O i l y  Water  Treatment P lant OWTP a s  deta i led i n  F i g  2 . 1 3  
was des i g n ed to t re at a l l  I s l a n d s '  p l a nts  d ischarged wa ste water to meet 
A D N O C  g u i d e l i n e s ,  w h i c h  c a l l s  for a m a x i m u m  of 1 5  ppm o i l  in overboarded 
wate r . (
26) 
Sources of O W T P  feed water  streams are as fo l lows : ­
- 7 5 %  E f f l u e nt f r o m  the  D esa l ters .  
- 2 2 %  Eff luent  f ro m  the  Process Spheres . 
- 0 . 2 %  S o u r  w ater  f rom ( S )  f ie ld  p l a n t .  
- 2 %  Eff l uent  water  f rom C o a lescer  a n d  compressor d i sc h a rge  d r u m s .  
The w at e r  t reatment  i s  compr ised of f o u r  stages . Water f l o w s  to O i l  Pre­
separator ,  t h e n  passes to T i l ted Plate I nterceptor (TP I ) ,  then to the Ind uced A i r  
F lotat ion U n it ( I A F ) ,  and leaves out  to the t w o  ( 2 )  O bservat ion Bas i ns  pr ior  to 
be ing  d i sc h arged to  t h e  Arab ian  G u l f .  
T h e  o i l y  water  f l o w s  t h ro u g h  t h e  OWTP b y  gravity . A n y  s k i m med o i l  
f rom observ at i o n  bas in  retu rns back  to the surge  bas i n .  S i m i l a r ly ,  o i l  f rom TP I  
and I A F  ret u r n s  back i nto the O i l  Pre-separator,  then to m a i n  s lop system from 
w h i c h  the recovered o i l  returns to crude tanks .  The O i l  Pre- separator is  the f i rst 
stage of the  O W T P .  Water  sources i n c l ude the separated water from the Surge 
Bas in  a n d  t h e  process water  supp l i es  2 5 , 000 bbls/day to the syste m .  
[45 ]  
The sou rces of  o i l y  water i n c l ude conta m i n ated sea water from the 
desalters,  o i l f i e l d  format ion water,  and var ious sources of p o l l uted water .  
Sources of  p o l l uted water  are wash water f rom any o i l -conta in ing  vesse l ,  
ra inwater ,  d r a i n age  w ater  a n d  overf low o f  t h e  hydrau l i c  sea ls  of t h e  f lares . 
O i l y  w ater  c o l l ect ion i s  p i ped to a degass ing tank i n  a d ra i nage system 
com plete l y  sea led to prevent any gas or vapours escap ing  from the eff l uent . The 
o i ly water open d r a i n  systems c o l lect the po l l uted water and d i scharge it  by 
gravity to O W T P .  O n  the  o t h e r  h a n d ,  the storm overf low wei r  o r  s i m i l a r  device 
w i l l  permit storm w ater  to be sent to the o i l y  water t reatment . I n it i a l l y  such a 
ra infa l l  w i l l  c o n t a i n  the  most po l l uted water . T h i s  water i s  d ra i ned to the sea for 
the f i rst 20 m i n ut e s .  The ra i n w ater  from the tank storage i s  hand led i n  a s i m i l a r  
w a y .  
O i l y  w a t e r  t reatment p lant  i s  des ig ned for  a of 3 5 , 2 80 BPD from Desalters 
at an o i l  content  200 m g . ll i ters max . ,  a salt content of 1 00 g/ I i ter ,  and 
temperat u re ran ge  of 3 9° C to  60° C .  
The e x pected o i l  content  I n  o i l y  water other  than  desa lter  water i s  1 000 
ppm . The ut i l i ty  w at e r  is 3000 B P D  i ntermittent l y .  The overf l o w  of the f low i s  
1 500 B P D  cont i n uo u s l y . D r a i n a g e  from the crude t a n k  bottom is  3 0 0  BPD 
cont i n u o u s l y .  The overa l l  d r a i n age area of o i l y  surface is  5 0 , 000 squate meters . 
For the l a st t w o  years ,  heavy ra i n f a l l  has cau sed a lot of overf low prob lems.  
P lant  d e s i g n  f or  format ion  water  i s  l eft  for future cons iderat ion . The water 
spec i f icat ion  for res i d u a l  o i l  content of t reated wa ste water to the sea of 1 5  ppm 
m a x .  i n stanta n e o u s .  T h i s  i s  as measu red by the API 7 . 3 3 . 5 8  I n fra-Red 
Spectrometr ic  M e thod . 
The p l a n t  d e s i g n  was based on n i l  presence of H2 S .  I n  recent years,  
another f ie ld  c r u d e  w h i c h  conta ins  H2 S in s i g n i f icant  amount  i s  being processed . 
T h i s  i s  c a u s i n g  env i ronmenta l  upset s .  
[ 46 ] 
T h e  p l a n t  d e s i g n  i s  for  any composit ion between l i ght  case and heavy 
case as c h a racter ized by the A P I  grav ity .  
The process water  f lows from the desa lters,  then to a degass ing vesse l ,  
t h e n  to the  o i l  pre-separator by p u m p s ,  auto contro l  depend i n g  on t h e  l i q u i d  
level  i n  degass i ng  vesse l .  The p o l l uted water f l o w s  b y  gravity i nto the surge 
basin f rom an  o p e n  sewer of  1 meter d i ameter .  From the surge bas i n ,  b u l k  items 
and m i s c e l l a n e o u s  o bjects are removed and oi l  i s  sk i mmed . The o i l y  water is 
p u m ped i nto  the process water l i n e  t h rough a non-ret urn valve . The sk i mmer is 
of the f l o at i n g  type and i s  located in a s i n g l e  compartment .  
I nject i o n  o f  a n  aqueous so lut ion  of po lye lectro l yte chemica l  i s  made to 
neutra l i ze t h e  ion ic  c h a rge  of  the  o i l  pa rtic les  and enhan ce the agg lomerat ion of 
part i c l e s .  The i nject ion  of  the  chemica l  i s  ass isted by baff le  mixer .  This res u lts in 
eas ier  g rav ity separat i o n . 
A pre-separat ion  of  o i l s  and s uspended s o l i d s  from water i s  obta i ned i n  o i l  
pre-separat o r .  T h e  f l o a t i n g  o i l  i s  s k i m m ed through a p ipe  to the s lop  decantat ion 
p it .  Some of  the s u spended sol ids are part i a l l y  taken by the o i l  and some 
pa rtia l l y  sett l e  to the  bottom of the tan k .  S l udge c lean ing  rema i n s  to be 
prov ided . 
O i l y  w at e r  f l o w s  by g ravity from the pre-separator to the T i lted Plate 
I ntercepto r s .  The o i l  f l o w s  by g ravity to the slop decantat ion p i t .  S l udge f low 
a l so by g rav ity  o u t  into  the  s ludge s u m p .  The de-o i l ed water  f lows by grav ity  to 
the F lotat i o n  U n i t  for  f ina l  separat ion of the o i ly  wate r .  
The c leaned w a t e r  f lows by grav ity to t w o  observat ion  b a s i n s  e a c h  of 4 
hours  d u rat ion  c a p a c i t y .  The O bservat i o n  Bas ins  are of c y l i ndr ica l  shape made of 
stee l . The w ater  overf lows and d i scharges to the sea by gravity wi th in  2 hours .  
(261 .  
[4 7 ]  
2 . 3 . 2 . 1 T i l ted Pl ate I ntercepto rs (T PII  
F u rther  to F i g .  2 . 5  i l l ustrat i o n ,  the corrugated p late i nterce pto r ' s  fu nct ion 
i s  to separate sett leab le  and f loat ing part ic les by operat i n g  on the pr inc ip le  of the 
force of g rav i ty .  The part ic les  to be sepa rated has  to travel only a short d istance 
in the l i q u i d  component  with the f lotat ion or  settl i n g  tank cond i t ion s .  The 
co rrug ated p l ate i nterceptor cons ists  of a g roup of 47  para l l e l  corrug ated p l ates 
20 mm a p a rt a n d  d i m e n s i o n s  1 . 000 x 1 . 000 x 1 . 7 5 0  m m .  These part ic les  s l ide  
automat i c a l l y  d ue to p l ate i n sta l l at i o n  at  an  i n c l i n at ion of 45  degrees . As the  
water  i s  d i sc h arged , the  leve l  i n  the tanks  re m a i n  constant so that l i ght so l ids  
are  drawn of f  v ia  an  o i l  s k i m m i ng  c h a n n e l . 
Li k e w i s e ,  the  separated heavy so l id  part ic les  can  descend through 
separat i o n  c h a n n e l s  u n affected by the f low ad m i s s i o n .  As the p l ate group i n  the 
tank i s  at an  i n c l i n a t i o n  of  5 5  degree m a x i m u m ,  the part ic les s l i d e  automat ica l ly  
accord i n g  to t h e  buoyancy t h ro u g h  the corrugated p lates .  They are  then passed 
i nto the c o l l ec t i o n  h o pper  w h i c h  h a s  has a s lope from 50 - 60 degrees to ensure 
that th e  separated heavy s o l id  part ic les  w i l l  s l i d e  d o w n .  The heavy so l ids  are 
d rawn off t h ro u g h  d r a w  off tubes by means of  a suct ion can or  s l udge p u m p .  
I n  the  c o rrugated o r  t i l ted p l ate i nterceptor,  on ly  u n d i ssolved substances 
of the so l id - l i q u i d  p h a s e  and l i q u i d - l i q u id phase are separated . Separat ion of the 
d i ssolved su bst a n c e s ,  e m u l s i o n s  or  aromat ics does not take p lace . The 
separat i o n  e f f i c i e n c y  o n l y  affects the eff ic i ency of the sk i m m i ng e q u i pment . 
F i g .  2 . 1 4  a )  shows schemat i c a l l y  the f low sheet for the separat ion of 
f loat ing s o l i d s  ( e . g .  o i l s ,  greases ) ,  w h i l e  b }  app l ies  to the separat i o n  of  settl i ng  
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2 . 3 . 2 . 2  I nduced A i r  F lotation OA F) 
I A F  Sepa rator f u nct ion is to remove o i l  and suspended so l ids  from p lant 
eff l uents . T h e  i n d u ced a i r  ( o r  some other g as)  i s  dra ined i nto the l iq u i d  by an 
impe l le r  c reated vortex . I t  forms f ine ly  d iv ided bubbles which become attached 
to o i l s  and s u spended s o l i d s .  Th is  process promotes d i s pers ion  of the a i r  r ich 
l i q u i d  throughout  the  ce l l .  Foam i s  formed as the ind uced a i r  i s  re leased and 
r ises to the su r f ace .  The conta m i n ant  i s  then s k i m med i nto s ide l a u nders or 
s ludge g utters b y  rotat i n g  pad d l es or  s k immers .  
IA F  Se parator  s pec i f i cat i o n  rate i s  3 6 0  m3/h ,  process (desa l ter  water) , 
m a x .  o i l  content  i n  eff l uent i s  200mg /I , sa l t  content 5 p p m ,  density of o i l  30 -
1 00 g/ I  o r  0 . 9  g /c m 3 , and temperature ( 30-60 degree C )  . .  The des ign eff l uent 
o i l  content is 1 5  ppm but  i t  does not meet i t .  
Adj u s t a b l e  w e i r s  a r e  m o u nted o n  f u l l  l e ngth of t a n k  to b e  a b l e  t o  adjust 
the leve l  i n  each i n d i v i d u a l  ce l l .  The unt reated water is  c i rcu l ated , and the 
t reated water  le aves the  u n i t  t h ro u g h  a deaerat i o n  cel l  w h i c h  contain sk immer 
padd l e s .  
F l o w  i s  b y  g rav ity  f rom e a c h  ce l l .  Level i s  contro l l ed by a manua l  w e i r  o r  a 
pneumat ic  l eve l  contro l l er .  A g i tat i o n  i s  acco m p l i s hed by the aerat i o n  mechan ism 
which c i rc u l ates the  l i q u i d  and d raws a i r ,  o r  gas  i nto the l iqu id  d i spers ing it  as  
f ine ly  d iv ided b u b b l e s .  
I n  t h e  se a led u n its ,  t h e  g a s  i s  reta i ned a n d  cont i n u o u s l y  rec i rcu lated . 
Some g a s  is  lost  i n  the  l i q u i d  d i sc harge but  t h i s  i s  replaced cont inuous ly  by the 
gas  conta ined i n  the  l i q u i d  enter ing the system . The gas i s  then d ispersed with in  
the c e l l  i n  t h e  same manner  as i nd uced a i r  d rawn through the a i r  contro l  va lve .  
The gas  rate  u s u a l l y  is  i n  the range of 0 . 0 1 5 to 0 . 030 cub ic  foot  or 0 . 2  cub ic  
foot/bb l . 
[ 5 2 ]  
2 . 3 . 3  Treatment of Syste m-3 
In t h i s  system water sources are desa lters wash water and d ra i ns  from 
sett l i n g  t a n k s  and storage t a n k s .  The average crude oi l  API is 40 degree,  the 
water T D S  i s  3 4 % ,  the B S  & W from Field N o .  1 i s  5 0 % .  Al l  oi l  exports  have 
o n l y  t races of w ater .  
The o i l f i e l d  w ater  f lows to the process i n g  un i ts .  The separated water  from 
the proce s s i n g  u n i t s ,  separators and sett l i n g  tanks  are acc u m u l ated in the 
p u m p i n g  pits and t ransferred to the waste water treatment u n its OWTP deta i l ed 
. F '  2 1 6  [27] T h 
. . 
f A P I  C I n  Ig  . . ese u n Its  compnse 0 an  separator ,  a P I  separator and a 
sand poo l . 
As s h o w n  i n  F i g .  2 . 1 6  schemat ic  d i ag ram of  the o i l y  water t reatment ,  
system - 3 ,  treats water  f rom main  sk immer tank  wh ich  co l lects the o i l y  water 
i n let from the process p l a n t s .  The pr inc ip le  of operat ion i s  e x p l a i ned in item 
2 . 2 . 4  and in F i g .  2 . 3 .  The f l oat ing  oi l  i s  s k i mmed and returned to the process 
p l a n t .  The o i l y  w ater  f lows  to the A P I  for further  separat i o n .  A P I ' s f u nct ion is 
e x p l a i ned in i tem 2 . 3 . 1 . 3 and in F i g . 2 . 1 5 . The f low of o i ly water then enters 
the Corrugated Plate I nterceptor  ( C . P . I . )  k i t ,  and the recove red o i l  i s  returned to 
the p l a n t .  
D o w nstream of  C P I  I S  the C P I  b o x  w h i c h  f i n a l l y  treats water pnor  to 
d i scharg i n g  it to t h e  sand  po o l .  The funct ion of C P I  kit and box I S  s i m i l a r to 
separat i ng  o i l  f rom water . The mechan ism of o i l /water separat i o n  I S  exp la i ned 
underneath i tem 2 . 3 . 2 . 1 and in F i g . 2 . 5 .  The o i l  content shou ld  not exceed 1 5  
ppm as  per  A D N O C  standard after t reat i n g  i t  i n  C P l ' s vesse l s  before the last 
d i scharge  into the sand poo l . 
T h e  s o u rces of o i l y  water  are desa lters '  wash water ,  sett l i n g  tanks ,  
storage tanks d ra i n s  and the main  i s  the  f ie ld  format ion water ,  with  TDS i s  34% . 
































































































































































































































































































As shown i n  F i g .  2 . 1 7  at the  d i scharge poi nt samples give 1 5  ppm whi le  o i l  
content a t  the  p o o l  o bserved i s  > 1 5 p p m .  
F r o m  t h e  s a n d  p o o l  there i s  no d ischarge t o  t h e  sea . T h e  s o i l  become 
po l l uted and the c o n t i n uat ion  of  t h i s  practice is  in quest ion . 
2 . 3 . 4  T reatment  of  System-4 
Treatment is  c a rr ied out in  two areas:  
A.  Offshore 
Prod uced o i l  f rom n at u r a l  f l o w i n g  ' 0 '  wel ls  i s  received i n  the f i rst stage 
separator  where  sour  water  is separated . Water f l o ws from the vessel through 
level  contro l  v a l ve to  a CP I  water separator which has  been descr i bed in  
paragraph 2 . 3 . 1 . Pro d uced o i l  f rom a rt i f ic ia l  l i ft 'e '  wel l s  as descr i bed i n  F ig 
2 . 1 8  i s  rece ived in  the  2 n d  stage separator  where sour  water i s  separated the 
same w a y  as  t he  f i rst  stage and both c o m m i n g l e  in  the water separator .  The 
same process i s  a p p l i e d  in the test separato r .  Water enters the CPI water 
separator t h r o u g h  t h ree po ints  and f lows through i n c l i n ed corrug ated p lates 
ins ide  the vesse l  to catch any o i l  d rop lets in the water . A  t h i n  o i l /water  i nterface 
level  i s  f o rmed from w h i c h  o i l  i s  forced by the vessel  pressure to the rerun d rum 
through a 2 "  l i n e .  Acc u m u l ated water leaves the vesse l  through three out let 
po i nts t h r o u g h  a f i berg lass  l i n e  to the sea . 
B .  O n shore 
F ig  2 . 1 9  i l l u st rates the  system w h i c h  i s  an  open d r a i n  system where 
l i q u i d s  g athered are c o l l ected in two U t i l i ty Dra in  S u m p s .  Each sump has its 
own p u m p ,  operat ing  off the leve l  switch . As noted on the d r a w i n g ,  Sump- 1 , 
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Fue l  System . S u mp-2 , serves dra ins  from the Tu rbo Generator Systems,  A i r  
Com pressor Systems,  Laboratory ,  Shops and G a rage are a .  (28] O i l /water 
separat i o n ,  dependent  o n  the force of gravity,  ut i l i zes catch bas i n s .  F ig . 2 . 2 0 
d i sp l ays the s a m p l i n g  l ocat ions  and the o i l  contents determ i ned . 
L i q u i d s  f rom the  O i l y-Water Dra in  Systems f low to Catch Bas in  and then 
to the A P I Separator  w h ere the water is  c leaned up  before proceed i n g  to other 
catch b a s i n s  and event u a l l y  to the sea . Any hydrocarbon w h i c h  is  separated In  
the A PI Separator ,  i s  p u m ped back  to the L iqu id  Surge Drum for re- process . 
2 . 3 . 5  Treat m e n t  of System- 5 
The crude o i l  co l lected i s  part i a l l y  processed to rem ove water  and 
t ransported in the m a i n  o i l  l i n e  to System-2 fac i l i t ies ,  for  further  proce ss ing and 
storage v ia  a n other  f i e l d  complex  p latform . I t  m ixes with the other  f ie ld crude 
oi l  for  process i n g  and export i n g . The present produced water rate at System-5 
i s  appro x i m at e l y  5 000 BW P D .  Around 1 000 BWPD i s  be ing  d i scharged to sea 
and re m a i n i n g  4000 BWPD is be ing  t ransported a long with  the crude o i l  to 
System - 2  f a c i l i t i e s . T h e  d i sc h arged water passes t h ro u g h  a f lash tank  fo l lowed 
by two sett l i n g  t a n ks and is then d i sch arged to the sea .  [29] 
2 . 3 . 5 . 1 O i llWater  Separat i o n  Mechan ism 
A s  shown i n  F i g .  2 . 2 1  schemat ic  d i agram , the o i ly  water f rom separators 
AlB enters into  the  f l a s h  d r u m  w h i c h  act as a vert ica l  sk immer  s i m i l a r  to F ig . 
2 . 3 .  The f l a s h  d r u m  c o l l ects and removes f ree o i l  f rom the separators AlB .  The 
f low then sett les  in tank AlB.  A l l  out lets enter i nto the D i sposal  C a i sson which i s  
a l a rge d i a meter  vert ica l  p ipe  extend ing  i nto the water .  I t  i s  des igned to provide 
rete nt ion  t i me o n l y  in the event of a f a i l u re of  upstream produced water treat i ng 
equ ipment .  F i g .  2 . 2 2  shows the s a m p l i n g  poi nt locat ion and the amo unt of o i l  
. [29] 
concentrat io n .  































































































































































































































































































































































































2 . 3 . 6  Treatment of System- 6 
O i l y  water  f rom process o i l  and gas  separators and c losed dra ins  f low to a 
surge d r u m .  O i l y  water  i s  p u m ped to a d i s posal  we l l  v ia  three water d i s posal  
pumps A/B/C at 380 m3/hr at a d i sc harge pressure of 1 4 . 5  bars . Oi l  recove red 
from the surge d r u m  is co l l ected into the Recovered O i l  T a n k  and is then 
p u m ped back  to o i l  separators v ia  two recovered o i l  pumps A/B . These pumps 
have a c a p ac ity  of  7 5  m3/hr  and operate at a pressure of 0 . 2 2 7  M Pa ( F ig  
2 . 2 3 ) . [ 301 F i g . 2 . 2 4 s hows  o i l  concentrat ion  sam p l i n g  po i nt and o i l  content i n  the 
d i sposed water . 
T h e  o i l y  w ater  i s  d i s posed of i nto d i sposa l  we l l  down to " Semsima"  
reservo i r ,  wh ich  w a s  f o u n d  wi th  least back pressure and ,  as such ,  water can be  
d i sposed of  by t h e  head pressu re a l o n e .  
The o i l y  w ater  re i nject ion started i n  1 9 80 and the present i nject ion rate is  
1 30 , 000 B W P D  i n t o  t h e  Sems i m a  reserv o i r .  
2 . 3 . 7  Treat me n t  of  System-7 
Produced w ater ,  about 1 5 , 000 BWPD is  separated offshore through 
eff ic ient separat i o n  u s i n g  an  o pt i m u m  i nject i o n  of emu ls ion  breaker . At the end 
the water i s  re- i njected in U m m  E r  Radhuma reservo i r  wh ich  i s  a l imestone layer 
at  a depth of 2 1 00 ft .  ( F i g  2 . 2 5 ) . [ 3 1 1 
2 . 4  Sa mpl i ng and A n a lys is 
I t  was not iced that the  q u a l i ty assurance/q u a l i ty contro l  over the o i l y  
water t reat me n t  u n its  i n  m o s t  o f  the  e x a m i ned cases i s  n o t  adequate . T h e  
contro l  o v e r  t h e  overboarded water ,  i f  any,  seems to b e  of l e s s  i m portance t h a n  
o t h e r  operat i o n s . To e n s u re the  water q u a l ity the fo l lowing  must be sat isf ied : -





































































































































































































































































































































































































STAT U S  
DE PTH 
FT.( SS) 
TOP OF 7 "  CSG + 42 
TOP OF 1 8 5/8" CSG + 40 
r--- � 
MAIN SEA LEVEL 0 
� � 
... � r� SEA BED 60 .. r ;: , : 
:' , 1 8-5/8" CSG SHOE 285 
.... :- �.: 








TOP OF R .U.S.  1 545 
.: 
R .U. S. 
7" CGS.  PAC KER COLLAR 1 634 
� � 9-5/8" CSG.  SHOE 1 735 r...; '-
� � 1 2- 1 /4 "  HOLE 1 755 
.... ,.... 
TOP OF U .E .R .  1 845 








i� 0 0 0 .... 
8- 1 /2 "  OPEN HOLE 2 1 50 
, , 
F I G .  2_25 W E L L  PROFILE FOR WAT E R  D I S POSAL - SYSTEM 7 [3 1 J  
r 6 6 1 
G ood s a m p l i n g  proced ure us ing  the correct sample bott les . 
The s a m p l i n g  l ocat ion  m u st represent the actual  overboarded f l o w .  
The f r e q u e n c y  o f  s a m p l i n g  m u st b e  adequate.  
The method of ana lys is  should ens ure acceptable accuracy,  acceptable 
repeatab i l i ty and reprod u c i b i l i t y .  
2 . 4 . 1 Sa mpl i ng Procedu re 
In some  c ases p l ast ic  bott les  were used to co l lect the samples and the 
samples we re kept as ide  for several  hours before transport i ng  to f ie ld  
l aborator ies f or  a n a l ys i s .  Th is  i s  known to change the characte r ist ics  of the 
f l u i d s  and w h atever  the  l a boratory receives does not accu rate l y  represent the 
actua l  system . 
2 . 4 . 2  S a mpl i ng Loca t i o n  
To h i g h l i ght  t h e  prevai l i n g  att i tude toward q u a l i ty contro l  of  o i l  water 
treatm ent ,  two cases w i l l  be add ressed as fo l lows : -
Case- 1 (F ig 2 . 2 6) 
I n  t h i s  c ase ,  t h e  operator ,  before sampl i n g ,  adds an adequ ate amount of 
d e m u l s i f i e r in t h e  s a m p l i n g  area,  and as such he can recover a c lean sample 
which c o n f i r m s  t he  overboard i n g  spec i f icat ions .  
Case- 2 (F ig- 2 . 2 7  & 2 . 2 8) 
I n  t h i s  o i l f i e l d ,  the  t reated water d i sch arged from a s kimmer  tank is  
commin g led with  1 5  t imes  as much f low of c lean coo l ing  water .  I n  th is  process , 
the o i l  content  d rops  from about  1 00 ppm to a s h i n y  f igure of 7 ppm . 
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I t  i s  to be noted that w ith  or  without the d i l ut ion  the amount of o i l  
overboarded to the  sea i s  the same.  
2 . 4 . 3  Frequ e n cy of  S a mpl i ng 
I t  was not iced t h at s a m p l i n g  frequency i s  m i n i m al  i n  most operat ions . A 
s i n g l e  samp le  pe r  d ay i s  the most common f req uency.  One sample  is  a snap shot 
of the treat me n t  c o n d i t i o n  at a certa in  i nstant and as such w i l l  not represent 24 
hours operat i o n . On stream automat ic  s a m p l i n g  wh ich  was found in one of the 
exami ned syst e m s  seems essent i a l ,  i f  the cond i t ion  of the t reatment un i t  i s  to be 
effect ive ly  m o n itored . 
2 . 4 . 4  M ethods of  A n a lys i s  
D i f ferent  methods a r e  be ing  used at the d i fferent f i e l d s  as fo l lows : -
2 . 4 . 4 . 1 C o l o re m etr ic  E xtract ion Method 
T h i s  i s  o n e  of  the  most common ly  used methods i n  Abu D h a b i  o i l  f i e l d s .  
Summary of M ethod 
The a m o u nt o f  o i l  in  water  i s  determi ned by extract i n g  a measured sample 
with 1 . 1  . 1  - T r i c h l o roet h a n e  and d i rect ly measur ing the colour  in  the extract . 
Sampl i ng a n d  Storage 
Samples  are c o l lected i n  solvent-r i n sed g l ass bott les or separatory funne ls  
and stored f or  up  to  2 4  hours by  add ing  2 . 0  ML of s u l p h u r i c  ac id to each l i tre 
sample  to b r i n g  pH to  2 or  less . 
[71 ] 
Apparatus 
1 .  H A C H  D R /2000 Spectrophotometer or  H A C H  D R/3000.  
2 .  Separatory f u n n e l  500 m l .  
3 .  C y l i n d e r ,  g r a d u ated 5 0  m l .  
4 .  Stand w i t h  r i n g  su pport .  [ 2 6 J  
Requ i red Reagent 
1 . 1  . 1  T ri c h l o roethane 
The o i l  content  i n  w ater  I S  measured d i rect ly  as PPM of o i l  I n  water  and read 
from stand ard c a l i brat i o n  c u rve .  
2 . 4 . 4 . 2  E xtract ion/Gravi metr i c a l  M ethod 
S u m mary 
From ac id i f i ed  w ater  sample ,  o i l  present i s  extracted by n - H e x a n e .  Then 
solvent i s  evaporated and oi l  content is  determined gravimetr ica l l y .  
[ 2 6 ]  
Appa ratus 
1 .  Separat i n g  f u n n e l  ( 1  l i ter ) . 
2 .  Evaporat i n g  bea ker  ( F l at bott o m ,  1 00 m l ) . 
3 .  D r y i n g  oven ( temp .  adjustab le  above 1 00° C ) .  
4 .  Dess icato r .  
5 .  M e a s u r i n g  C y l i nder  ( 1 000 m l ) . 
6 .  H yd ro mete r .  
C a l c u l at i o n :  
O i l  content  i s  t h e  w ater  sample  determi ned as  f o l l o w s : -
O i l  c o n t e n t  ( pp m )  = (W2-W 1 )  x 1 0,000.000 
S . G  X Vol of wtr 
Where W 1  
W 2  
= W t  of  em pty evap . beaker 
Wt of beaker  with  o i l .  
[72 ] 
( 2 . 1 0 ) 
T h i s  i s  a lengthy method and accu racy of i t  i s  not very h i g h .  
2 . 4 . 4 . 3  U l tra V i o let A n a lyser 
A typ ica l  system found i n  one of the exami ned o i l  f ie lds  can be descr i bed 
as fo l lows )26! 
1 .  Ana lyser  H ouse N o .  1 - I t  i s  a U . V  Ana lyser works on the pr inc ip le  of 
u l tra-v io let  f l u orescence and has  a range of 0- 5 0  ppm with an  accuracy of 
1 5  ppm . I t  provides a larm o n l y .  
2 .  A n a l y s e r  H o use N o .  2 I t  provides pre-a larm fo l lowed by 
a utomat ic/m a n u a l  contro l  of p l ant recyc le and is located to the south of 
the ef f luent  d i sc h a rge  p u m p s .  
With i n  t h e  h o use a r e  two U V  Ana lysers a n d  t w o  i n f ra-red ana lysers .  The 
d u p l icat ion of  a n a lysers i s  to prov ide  i n c reased rel i a b i l i ty .  The I R  Ana l ysers are 
provided w i t h  a r ange  capab i l i ty of  0 - 30 p p m .  
Accu racy of  t h i s  method c l a i med t o  be h i gher than any of  t h e  prev ious ly  
ment ioned extract i o n  method s .  
2 . 4 . 4 . 4  I n f ra-red A n a lyser  
Th is  tec h n i q u e  i s  thought  to be the most re l iab le  method s i nce i t  g ives 
h i g h  repeat a b i l i ty and accuracy.  
summar i zed as  f o l l o ws : -
[2 5] 
The pr inc ip le  of measurement can be 
[73 ] 
M e asurement of o i l  concentrat ion  i n  o i l y  emul s ion of water i s  made of the 
fract i on a l  d ec rease in i n f rared energy on pass ing through the sample cel l .  The 
measurement is made at the ana lyt ica l  wavelength and it  is  taken twice,  f i rst 
w i thout s a m p l e  and then with  the samples ,  the concentrat ion of the sample can 
be d eterm i n ed from the ratio of these measurements .  
Quant i ty measured d i rect l y  by the i n frared detector i n  1 & 10.  
where :  
I = S i g n a l  i ntens i ty  w i th  sample  i n  ce l l  
10  = Signa l  i ntens i ty  with  no sample  i n  ce l l .  
T h e  t r a n s m i ttance ( T )  o f  the sample  i s  def i ned 
as  T = I 
10  
( 2 . 1 1 )  
For  q u a nt i tat ive a n a l y s i s ,  a s i m p l e  l i n ear re lat ionsh ip  I S  provided by the use of 
the Absorbance u n it ( A )  w h i c h  is def i ned as :  
A l o g  1 0  f+ } ( 2 . 1 2 ) 
T h e  Beer- Bouguer  Law 
( Ref 29) estab l ishes a rel at ionsh ip  between 
absorbance ( A ) , s i m p l e  concentrat ion (c) and ce l l  path l ength (1) . I t  s imp ly  states 
that liThe absorbance of a band is d i rect ly proport iona l  to the concentrat ion  of 
absorbin g  m ater i a l  for a g iven t h i c k ness of sample"  
The inf ra  red  method i s  so far  the most h igh ly  recogn i zed method by 
those who are d e e p l y  i nvo lved i n  o i l  po l l ut ion  contro l . Some spec i f icat ion made 
by cert a i n  f i r m s  c a l l s  for 1 5  ppm oi l  content by the i nf ra-red method . 
[ 2 5] 
[74 ] 
2 . 5  Supercr i t ica l C02 extraction as a new approach 
F rom the  env i ronmenta l  po int  of v iew,  carbon d iox ide ( C 0 2 )  is one of the 
m a i n  gases c a u s i n g  g l o b a l  warming  from an enhanced g reen house effect . CO 2 
I S  re leased i n  the  atmosphere when carbon or  any carbon cont a i n i n g  compound 
I S  bu rned . Foss i l  f u e l s  prov ide  near ly  80% of the wor ld ' s energy,  7 5 %  of 
c u rrent C O 2 e m i s s i o n s ,  and produce most of the wor ld ' s  a i r  po l lu t i o n .  C02 gas 
i s  thought  to  be  re spons ib le  for  4 9 %  of the n u m ber of  g reenhouse gases.  
Beside the 8 0 %  foss i l -fue l  b u r n i n g ,  20% of C O 2 from deforestat ion re ma ins  in 
the atmo sphere for about 500 years .  
I n  th is  sect i o n ,  propert ies  of C O 2 , exper imenta l  apparatu s ,  and 
exper imenta l  proced u res are descr i bed . 
2 . 5 . 1 Prope rt ie s  o f  C02  and C 0 2  mixtures 
Pure C 0 2  c r i t i c a l  temperat u re i s  3 1 0 C and cr i t ica l  pressure i s  7 . 4  M Pa .  
T h e  d e nsity o f  o i l  a n d  C 0 2  a r e  s i m i l a r  a t  many reservo i r  cond i t ions  and 
depend i n g  on the part i c u l a r  temperature,  pressure,  and oi l  composit i o n ,  C02 can 
be e ither less o r  m o re dense than reservo i r  o i l .  F ig  2 . 3 1  shows the 
compress i b i l i ty  factor  of  p u re C 0 2  vs .  temperature and pressure . F i g  2 . 3 2 shows 
the  v iscos i ty  o f  pure  C02 vs tem perature and pressure .  
C 0 2  i s  part i a l l y  so lub le  i n  water .  F i g  2 . 3 3 shows the effect of  sa l in ity on 
C 0 2  so l u bi t i y  i n  w ater .  C 0 2  s o l u b i l i ty i n c reases with  pressure but decreases 
with the i n c re a s i n g  tem pe rat ure .  S o l u b i l i ty  in br ine decreases with i ncreas ing 
sa l i n ity  of the  b r i n e .  S o l u b i l i ty  of  C02 i n  water for  a range of temperatu res and 
. h . F · 2 34 [3
2 1 
pressu res I S  s o w n  I n  I g .  . . 
[7 5 ]  
2 . 5 . 2  C02 Sources 
A study was c a rr ied out  to search for C02 sources i n  one of Abu Dhab i  
offshore g a s  p l a n t s .  Resu l ts  revea led that C02 gas is  ava i l a b l e  at 38% from 
S u l p h u r  Recovery U n i t  ( S R U )  f lue gases . Therefore, this C02 gas can be 
processed and u t i l i zed proper ly  i n  the extraction of oi l  from water shou ld  the 
extract ion  process become feas i b l e .  [33J 
2 . 5 . 3  Pur i f icat i o n  of C 02 
F i g  2 . 2 9 i l l u strates the proposed C 0 2  pur i f icat ion  process . F lue  C02 gas i s  
compressed v i a  a l a rge  c o m p ressor ,  enters a cooler  where f ree water i s  d ra ined , 
then enters t h ro u g h  an  absorber  where D ieth ano l  Amine  ( D E A )  and G lycol  are 
i njected . G lyco l  absorbs the moist u re and D E A  takes C02 to the str i pper for 
f u rther  mo i sture str i p p i n g  f rom C02 gas,  thus d ry C02 leaves the str ipper .  Other 
gases l i ke N 2 ,  02 a re removed by the absorbe r .  [33 ]  
2 . 5 . 4 Supercr i t ica l  C O 2 E xtract ion 
F ig .  2 . 3 0 shows the  exper imenta l  apparatus that i s  used i n  the 
su percr it i c a l  C O2 extract i o n  of hydrocarbon com ponents . 
T h e  a p paratus  i n c l udes the  f o l l o w i n g :  
a )  C O2 c y l i n d e r  at a pressure of 5 . 5  M Pa .  
b )  H igh  pressure  p u m p .  
c )  H i g h  pressu re c e l l  ( A cc u m u l ator )  a t  8 . 3  M Pa ( Su percr it i ca l  Pressure) 
d )  A i r  Bath  - 5 0°C 
e)  Extract ion  C e l l  ( V o l . 1 l i t re )  
f )  N it rogen N 2 C y l i n der  ( at 1 0 . 3  M Pa)  
g )  B a c k  press u re regu lator  ( B PR)  va lve.  
[76 ] 
h )  Pressure M eter  
I )  O i l  C e l l  C o l lector 
A h i g h  pressure p u m p  receives C O 2 gas from the C O2 c y l i nder  at 5 . 5  MPa .  
The C O2 press u re i s  i n creased t o  appro x i m ate ly 8 . 3  M Pa and the gas enters a 
h i g h  pressure c e l l  ( H P  C e l l ) .  The h i g h  pressure cel l  ( H P  C e l l )  i s  then connected to 
the extract ion  c e l l  in the a i r-bat h .  The ext ract ion  ce l l conta ins  the o i l y  water 
s a m p l e .  C O 2 g a s  at s u percr i t i c a l  cond i t ions  i s  used to extract the o i l  i n  the water 
o i l  e m u l s i o n . 
Separat i o n  o f  o i l  f rom water ta kes p l ace .  The re m a i n i ng o i l y water is  
d ra ined  a n d  a n a l yzed . The pressure i s  m a i nta i ned at cr i t ica l  cond it ions us ing  a 
back pressure c el l .  The re m a i n i n g  o i l y  water i s  ana lyzed to determ ine the 
eff i c i en c y  o f  t h e  ext ract i o n  proces s .  
E xperimenta l  Proced u res : 
H i g h  pressure C O 2 i s  not ava i lab le  l o c a l l y ,  th erefore i t  i s  necessary to 
i n crease t h e  ava i l a b l e  C O 2 pressure ( 5 . 5  M Pa )  to the des i red leve l  (cr i t ica l  
pressure ) . Th is  w a s  d o n e  us ing a h igh pressure Ruska  p u m p  which ta kes the 
C O 2 at 5 . 5  M Pa and i ncreases i ts  pressure to approx i mate ly  9 . 8  M Pa .  The 
pressur ized C O 2 i s  then stored in  a h igh pressure ce l l .  The h igh pressure ce l l  is  
then used as  the  s o u rce for  the h igh pressure C O 2 , I t  i s  con nected to the 
extract i o n  c e l l  c o n t a i n e d  in the a i r  bath through a co i led l i ne to atta in  thermal  
equ i l i b r i u m .  The cel l  pressu re and temperature are ma i nta i ned at the appropr i ate 
cond i t ions  for  C O 2 to be the  supercr i t ica l  phase .  Pressure is m a i nta i ned us ing  a 
back pressure ce l l .  
T h e  e x per i ments  u s u a l l y  run  with  a spec i f ic  so lvent/o i l y  water rat i o .  The 
oi l  concentrat ion i s  measu red before the extract i o n  process and then again after 
[77 ] 
the  extract ion process to determine the  eff ic iency of the  extract i o n .  The 
concentrat ion i s  d etermi ned using the  I nfra- red ana lyzer . Table I I I  shows the 
results of the e xtract i o n  runs mad e .  I t  shou ld  be noted that the o i l -water 
e m u l s i o n  was prepared in the  l a boratory us ing J a bel  D h a n n a  C rude and a Salt  
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FIG.  2.31 C O M P R ES S I B I LITY FACTO RS FOR C02 (32) 
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CHAPTER 3 
RESULTS AND DISCUSSION 
3.0 RESULTS AND DISCUSSION 
T h i s  c ha pter  s h a l l  d i scuss the resu l ts  of o i l y  water treatment f ie ld 
i nvest igat i o n s  for  a l l  offshore o i l  operat ing f ie lds  i n  Abu D h a b i ,  with emphas is  on 
the treatment d ata ,  t h e  def ic iency of every treatment system and poss ib le  areas 
of  I m provement .  
3 . 1  T reatment  System - 1  (F ig 2 . 8) 
Resu l ts  of  w ater  ana lys is  made by the operat ing  company of th is  
t reatment  system i nd i cate ex ist i n g  prob lems of the q u a l i ty of o i l y  water 
d i sc h a rged to  the s e a .  The lowest o i l  concentrat ion  ach ieved treatment was 
between 1 2- 1 5 p p m ,  but the major ity of samples were above the l i m it  with a 
m a x i m u m  o i l  c o n centrat ion of  8 0 - 9 5  p p m ;  ( See F i g s .  3 . 1 , 3 . 2  & 3 . 3) . The 
samp les were t aken  after d e m u l s i f i e r  i nject i o n  in the sam p l i n g  area . The present 
o i l y  water t reatments S W D P  and API separators are not adequate to t reat the 
o i ly water from System- 1 p l ants  and storage d r a i n s .  The d a i l y  o i ly water f low 
rate d i sc h arg e  1 5 , 000 BPD is expected to i n c rease in future with  the i ncrease in 
water cut;  h o wever ,  the  a m o u n t  i s  not known yet . As d i sc ussed before i n  Case 
1 of C h apter 2 ( F i g .  2 . 2 6 )  the samples  ana l ysed are not representat ive of the 
actual  treatm e n t  cond i t i o n s .  
D u r i n g  t h e  s i t e  i nvest igat ion ,  f i v e  samples were t a k e n  without demu ls i f ie r  
i nject i o n  and a n a lysed by  the IR  a n a lyzer .  The re su lts  as g iven per F ig  3 . 4 
i n d icate t h at a l l  o f  the  treated water was a l ways above 40 ppm o i l  content with 
except i o n  of one s a m p l e ,  w h i c h  s howed 1 7  ppm o i l .  
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Recent stud ies  by some o i l  operat ing  companies I n  Abu Dhab i  have 
reco m mended rei nject i o n  of prod uced and po l luted water to a sha l low sa lt  water 
bear ing reservo i r .  The system proposed was compr ised of booster pumps and 
I nject ion  p u m p s  wi th  i nject ion mon itors insta l led to measure so l i d s  content .  Th is  
proposa l  wi l l  poss i b l y  be i m p leme nted i n  the near future . However ,  the future 
im pact to the  reserv o i r  c a n n ot be predicte d .  Reservo i r  eng ineers need to ver ify 
the long term effect of  t h i s  operat ion . 
3 . 2  Treatment  System- 2  (Fig 2 . 1 3)  
The o i l  w ater  treatment p l ant  descr i bed i n  C h apter  2 para 2 . 3 . 2  is  
desig ned for  m a x i m u m  of  1 5  ppm o i l  concentrat ion i n  water ,  but i ts  actua l  
d i scharge  i s  a p p ro x i m ate ly  80- 1 00 ppm . D i l ut ion  with  coo l ing  water eff l uent 
red uces t h i s  v a l u e  to an  average of  7 ppm before d i scharg i n g  to the sea ( F igs  
3 . 5  & 3 . 6 ) .  Th is  i s  not  a so lut ion  because the amount of o i l  d i sc h arge to the sea 
is the s a m e .  
Recent s t u d i e s  by the operat i ng company reve a led that t h e  O i l  
Preseparator  ( O P) removal  eff ic iency has  an  overa l l  average of 5 8 . 2 % .  Ti lted 
Plate I nterceptors ( T P I )  a n d  I nd uced A i r  F lotat ion ( I A F )  un i ts  performance var ied 
from 60% to n i l ,  and the O bservat i o n  Basin ( O . B) red uced the oi l  content by an 
average of  3 8 . 5 % .  
O i l y  w ater  t reatment res u l ts ,  as shown per F ig  3 . 5  & 3 . 6 ,  i n d i c ate c lear ly 
that the e x ist in g  system i s  i ncapab le  of treat ing  the o i ly waste water to the 
do mest ic e n v i ro n menta l  reg u l at i o n s .  I f  future add i t iona l  crude oi l  desa lters are 
i n sta l led the e f f luent  q u a l i ty w i l l  be even further  deg raded . 






















































































































































































































































































































U n steady i n l et f l o w ,  as w e l l  as l a rge var iat ions i n  feed water qua l ity , 
c reate very ser io u s  prob lems through the f ive step treatment operat ion .  The 
ent I re system req u i res a thorough modi f icat ion to reach the target qua l ity of 
eff luent water .  
3 . 3  Treatment System 3 (Fig 2 . 1 6) 
T h e  records of  t h i s  system i n d i c ate that the o i l y  water treatment system 
removes o i l  i n-w ater up to 1 00 - 200 PPM . Sk immer  vessels and p late 
coa l escers are  u sed by t h i s  c o m p a n y .  The corrugated p late i nterceptor ( C P I )  i s  
the typ e  i nterceptor us ed  to remove o i l  content .  The s i te  c l a i med that  the 
process i s  eff ic ient  and can ach ieve o i l  content between 1 0  - 1 5  PPM ( F i g  3 . 7 ) .  
D u ri n g  the  i nvest igat ion o f  t h i s  syste m ,  samples were recovered from the out let 
l i ne  of coa l escer  p l ate i nterceptor ( C P I )  to the sand po o l . The results of a l l  
samples  we re w i t h i n  t h e  1 5  ppm l i m it o i l  o r  belo w .  
T h e  f i n a l  stage of  t h e  o i l  water treatment system I S  a " S and Poo l " which 
acts  as a g u ard bas in  a g a i n st a n y  prob lems at  the CP I  separato r .  I t  traps the 
sma l l  q u a nt ity of  o i l  l e ft in the w ater as the water seeps natura l ly  into the 
ground . 
O i l y  w ater  d i sc h a rged to the sea at the rate of 1 3 , 000 - 1 4 , 000 BPD,  may 
have some  effect on the l oca l  Abu D h a b i  mar ine  env i ro n ment . T h i s  is  attr i buted 
to the fact  t h at t h e  s and  poo l ,  w h i c h  acts as f i l ter  med i a ,  can not be c l eaned , 
a n d  a s  s u c h ,  w i l l  be  p o l l uted and may eventu a l l y  increase the o i l  i n  water .  
Resu lts g iven  by the s ite were ana ly sed at the s ite l a boratory by 
extract i o n  w i t h  n - H ex a n e  w h i c h  i s  a co lor i metr ic  meth od . 
[ 9 4 ]  
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For  cross c h e c k i n g  the accu racy of the operat ing  company reported 
res u l ts ,  efforts were made to recover samples and ana lyze them at an 
I ndependent l a b o ratory .  These efforts were not successfu l  because of 
access i b i l i ty  prob lem at the sand poo l .  Photographs were taken as sam p l i ng was 
not poss i b l e .  
3 . 4  Treatment System-4 (Fig 2 . 1 8  & 2 . 1 9) 
The offsho re o perat ion of  th i s  t reatment system , com prised of two stages 
of treatment ,  seems not a l ways adequate for ach iev ing the target l evel  of 1 5  
ppm o i l  content  i n  about  1 2 , 000 BWPD d i sposed water .  T h i s  i s  attr i buted to 
short rete nt i o n  t i m e  in each stage,  w h i c h  is o n l y  few m i nutes . The l i m ited surge 
capac ity c a n not cater  for  exper i enced f low f l uctuat ion s .  
F ig  3 . 8  i n d i c ates o i l  content as h i g h  as 8 2  p p m  a n d  as l o w  a s  2 ppm . 
The treatment i s  s i g n i f icant ly  affected by surges exper ienced i n  the treatment 
process . 
I t  w a s  reported by the  operat ing company that prod uct i o n  was ex pected 
to i n c rease by t h e  deve l o p m ent of new f ie lds  nearby . The cu rrent t reatment 
system m u st be  mod i f ied  p r i o r  to any new deve lopment i f  the treatment system 
is ex pected to  be a b l e  to h a n d l e  any i ncrease in produced water .  
The crude o i l  processing fac i l i t ies  onshore i s  hand l i n g the rem a i n i ng sma l l  
amount s  of  c o n t a m i n ated water,  200 - 300 BWPD max imum vo lume . 
Accord i n g l y ,  t h e  o n shore t reated water is  a l ways with in  the acceptab le  range of 
o i l  content,  e x cept for few odd res u l ts  probably recorded dur ing  major  p l ant 
u psets,  see Fig 3 . 9 .  A s  for  the offshore case,  cons iderat ions h ave to be g iven 
for necessary m o d i f icat i o n ,  shou ld  the prod uct ion rate i ncrease s .  Samples 
recovered d u r i n g  the  i nvest igat ion conf i rmed the operat ing  company resu lts . 






























































































































































































































































3 . 5  Treatment System- 5  (Fig 2 . 2 1 )  
I n  o rd e r  to a c h i eve around 1 5  ppm o i l - i n -water ,  demuls i f ie r  chemica ls  are 
i njected at a d osage of 40- 5 0  ppm upstream the separators ,  see Fig 3 . 1 0 . 
The cu rrent pract Ice of  part ia l  water separat ion at System-2 i s  not sound . Th Is  i s  
because n e i t h e r  the  p i p e l i n e  i s  re l ieved from water f l o w i n g  w i t h  t h e  crude,  nor  I S  
the separated w ater  p roper ly  treated . 
I t  seems l o g i c a l  to separate a l l  water i n  Syste m-5  so that no water w i l l  be 
f l o w i n g  i n  the  p i pe l i n e .  T h at wou ld  save the costs of i nject ing  corrosion i n h i b itor  
for  protect i n g  the p i p e l i n e  from corrosion from the water . T h i s  i s  i n  addit ion to 
p ipe l i n e  c a p a c ity c o n s i derat io n .  The other a lternat ive i s  to f low al l  water to 
System-2 for separat ion  and treatment for the sake of proper treatment through 
an e laborate syste m .  The l atter can only be done after revamping  System-2 
treat i n g  f a c i l i t i e s .  The w h o l e  i ssue needs to be further stu d i ed by the o perating 
company,  t a k i n g  i nto con s id erat io n  p ipe l i nes capac ity ,  corrosion protect ion,  
ava i l a b i l i ty of proper  separat ion fac i l i t ies  at System-2 and 5 and above a l l  the 
q u a l i ty of  overboard ed water . 
I t  w a s  not  poss ib le  to ver i fy the reported data ( See F i g .  3 . 1 1 ) . V isua l  
i n spect ion  of  sea around the prod uct ion p l atform constant ly  revea ls  
u n m i sta k a b l e  ev idence of o i l  overboarded . 
Reservo i r  stud ies  made by the company forecasted that the water 
produc t ion  from the f ie ld i s  ex pected to i n c rease by a l most 1 00 %  by the year 
1 9 9 9 .  The present oi ly water  system i s  i n adequate to accommod ate the cu rrent 
rate , let  a l o n e  d o u b l e  the v o l u me to be treated . 

























































































































































































































































































































Recent company st ud ies  revea led that o i l /water separat ion  I S  very costly 
due to the type of  crude w h i c h  needs i nject ion  of demu ls i f ier chemica l  at 
appro x i m ate cost of U S $  1 20 , OOO/year du r ing the year 1 9 9 5 .  
I t  was observed that the automat ic a l a rm system which  act ivates on 
offspec water contact was by-passed . T h i s  ra i ses concern that offspec water 
cou ld  be d i sc h arged to the sea . 
3 . 6  Treatment Syste m-6 (F ig 2 . 2 3) 
F ig  3 . 1 2  i l l u strates the  company results wh ich  shows the f l uctuat ions i n  
o i l - i n-water  c o n c e ntrat i o n  measurement after t h e  g ravity separat ion i n  t h e  surge 
drum and u pstream the i nject ion  we l l .  The results i n d i cate m a x i m u m  of above 
700 ppm . w i t h  n o r m a l  range from 200 - 500 p p m .  
T h e  i m pact f rom the d i sposa l  of h i g h  o i l y  water concentrat ion  i nto the 
reservo i r  is sti l l  u n kn o w n  from its i n it i at ion  in 1 9 8 0 .  I t  i s  premature for 
geo log ists to j u d g e  the effect of t h i s  method on underground resources . 
Neverthe less ,  the  i nject ion of  o i l y  water i n  wel ls  see ms attract ive from the 
env i ronmenta l  protect ion  po int  of  v iew and shou ld  a l ways be cons id ered as one 
of the v i a b l e  opt ions  in m a n a g i n g  o i l y  waters .  
3 . 7  E xper imenta l resu lts of C02 extract ion  
T h e  l a b  res u l ts  presented i n  Tab le- I I I  i n d i c ate that  the use  of C02 at 
su percr it i c a l  pressure  a n d  tem perature to extract hydrocarbons from water i s  
fea s i b l e .  At  a pressure of  9 . 8  M Pa a n d  5 0 ° C ,  d i fferent f low rates of C 0 2  7 - 3 4  
CC/Sec it w a s  p o s s i b l e  to decrease t h e  o i l  content from 5 1 . 5 7 - 33 . 4 7  p p m  to 
1 5 - 1 6 . 4  p pm . 
[102 ] 






































































































































































































































































































































































































































































































































































































































C 0 2  gas  i s  abundant  i n  most o i l  f ie lds  from f lue  gas and cons iderat ion may 
be g i ven to i n vest igate the feas i b i l ity of app ly ing  th is  tec h n i q u e  in the o i l  
i n d u stry . 
3 . 8  Genera l  D i sc ussion s 
3 . 8 . 1 Treatment on offshore prod uct ion pl atform 
No e l a borate water separat ion  IS carr ied out in most of the offshore 
p latforms i nvest i g ated i n  this project . The except iona l  p l atforms used only one 
or  two step treatment in their  o i l  and water separat i o n .  
The r e a s o n  for  t h i s  i s  p u r e l y  eco nomica l , as offshore p latform treatment 
wou ld  be very e x pe n s ive in terms of req u i red structu res and vo lume of vesse ls ,  
wh ich i n  some  cases m a k e  i t  pro h i b i t ive . 
The d i sadvantages of  t h i s  p h i l osophy can  be g iven as f o l l o w s :  
A )  A p prec i a b l e  amou nts of  water are pu mped to term i n a l s  a n d  as such 
req u i re l a rger  p u m p i n g  fac i l i t ies ,  l a rger p ipe l i n es and more e lectr ic 
p o w e r .  
B )  Precaut ion ary measures must b e  t a k e n  i n  order t o  protect 
e q u i p m ent  aga i nst corros ion ca used by water .  
C)  P u m p i n g  o i l  and water through valves and p ipe l i nes  for long 
d i stances e n hances the format ion of t ight emu ls ions ,  which ma kes 
the o i ly w ater  treatment more d i f f icu lt and more cost ly .  
[104 ] 
I n  most of the  product ion p l atforms,  it was not iced that each i s  equ i pped 
with a s l o p  t a n k  for the acc u m u l at ion  of a l l  o i ly  d ra ins  and eff l uents and t h i S  IS 
be ing  p u m ped a g a i n  to the o i l  stre a m s .  
S l o p  t a n k s  a r e  a d a ngerous source f o r  i ntrod uc ing  Su l phate Reducing 
Bacter ia  in  the  system wi th  a l l  the consequences of corrosion and other po l l ut ion 
effect s .  
Some l ocat ions  f requent ly  b i o c i d e  s lop tanks  to contro l  bacteria l  
conta m i n at ion . 
3 . 8 . 2  Long Term E n v i ro n menta l  So lut ion  for O i ly Water Treatment 
Tab le- I V  h i g h l i g hts  two so lut ions  for c u rrent problems of the treatment 
systems e x a m i n ed in t h i s  study .  
T h e  f i rst s o l u t i o n  i s  the re inject ion o f  the o i l y  water i nto a n  aqu i fer 
reserv o I r .  T h e  se lect ion of  the a q u i fer must take i nto cons iderat ion the 
perm e a b i l i ty ,  the depth ,  bac k pressure,  p l u g g i ng tendency,  compat i b i l ity  and the 
l ocat ion  with respect to  the  treatment f a c i l i t i e s .  C a refu l  reservo i r  study m u st be 
perfo rmed t o  avo id  prem ature p l u g g i n g  of the aqu i fer and the poss i b i l i ty of 
waste w ater  m i g rat ion into  rest r icted zones . 
The other  s o l u t i o n  i s  to t reat f l u e gases avai lab le  at the  o i l  f ie lds  and 
prod uce C02 to rem ove oi l  f rom the wate r .  I t  i s  an  attract ive method ; however,  
app l icat ion  in f i e l d s  req u i re thorough studies to solve tec h n i c a l  and economica l  










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3 . 8 . 3  Quanti f ication of an nual oi l discharges 
Tab le-V presents the amount  of  o i l  d i scharges at f ive d i fferent treat ing 
systems in Abu D h a b i  offshore o i l  f i e lds . The o i l  d i scharges a re categor ized as 
l o w ,  best est imate and h i g h .  C a l c u l at ions  are made based on the fo l lowing 
equat i o n : 
O i l  d i s c ha rged a n n u a l l y  oi ly water BWPD x 36 5 days x ppm o i l  content ( 3 . 1 )  
1 06 
T h i s  a m o u nt of o i l  i s  ex pected to i n c rease with the i n crease of produced 
water w h i c h  is t he  norma l  t rend in the l ater  l i fe  of o i l  reservo i r s .  
G overnment  r e g u l a t i o n s  may state the absol ute amount of o i l ,  I n  addit ion 







































































































































































































































































































From the i nvest igat ions  ca rr ied out for the d i fferent offshore o i l  f ie lds  of 
Abu D h a b i  and the laboratory work re levant to the subject of o i ly water 
treatment ,  the f o l l o w i n g  conc lus ions  can be d r a w n :  
1 . The target q u a l i ty  of 1 5  ppm m a x .  o i l  content i s  not atta inab le ,  despite 
the use of  more than one method of t reatment i n  ser ies .  I n  one case,  
even f ive steps of  treatment fa i led to ach ieve even near  spec i f icat ion 
q u a l i t y .  
2 .  C l a i m s  o f  a c h i ev i ng  the 1 5  ppm o i l  content I n  some f ie lds  needs 
ver i f icat i o n .  
3 .  I n  two l ocat ions  water separated o n  the term i n a ls  are re- i njected i n  dump 
we l l s .  Th is  method i s  the c leane st operat ion  of a l l  offshore f ie lds ,  s ince 
no o i l  i s  be ing  overboarded to the se a .  T h i s  method seems very 
favourab le  as  l o n g  as  u nderground water po l l ut ion is not poss i b l e .  
R e i nject i o n  o f  o i l y  water i n  an  aqu i fer  reservo i r  i s  an attract ive , c lean 
method w h i c h  may be cons idered as one of the better v iab le  opt i o n s .  
4 .  Q u a l ity c o n t r o l  o v e r  the  o i l y  water t reatment i s  b e l o w  standard . Th is  was 
noticed d u r ing  f ie ld  v is its and by exami nat ion of the co l lected data . 
5 .  The o i l  i n d u stry needs to deve lop  a who le  new att itude toward the 
e n v i ro n m e n t .  G reat efforts are req u i red to make operato rs consc ious of 
the i mp o rtance of i mp lement ing str ingent operat ing pract ices .  
[ 10 9 ]  
6 .  S a m p l i n g  proce d u res and methods of ana lys is  needs to be thoroughly 
revi sed . C ons iderat ion m u st be g iven to standardizat ion of proced u res and 
methods in  a l l  operat ing compan ies in  Abu Dhab i . 
7 .  The s u percr it i c a l  C 0 2  extract ion  metho d ,  a s  performed i n  the l a boratory 
for the removal  of  o i l  f rom water ,  has  cons istent ly  and effect ively 
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